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The Green R i v e r F o r m a t i o n (Eocene) shows a d i v e r s i t y of l a c u s ­
t r i n e c a r b o n a t e l i t h o l o g i e s c o m p a r a b l e t o c a r b o n a t e f o r m a t i o n s of 
m a r i n e o r i g i n . P e t r o g r a p h i c a n a l y s e s of n e a r l y 100 t h i n s e c t i o n s 
show t h a t f o s s i l s ( c a l c a r e o u s a l g a e , o s t r a c o d e s , g a s t r o p o d s , 
p e l e c y p o d s ) , c o a t e d g r a i n s , m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s , 
s p a r r y c a r b o n a t e , m i c r o c r y s t a l l i n e c a r b o n a t e and t e r r i g e n o u s g r a i n s 
a r e t h e main r o c k - f o r m i n g components of t h e l a c u s t r i n e c a r b o n a t e r o c k s . 
The most a b u n d a n t a l l o c h e m i c a l c o n s t i t u e n t s a r e p o l y g e n e t i c m i c r o c r y s ­
t a l l i n e c a r b o n a t e a g g r e g a t e s ( i n t r a c l a s t s , p e l l e t s ) and f r a g m e n t a l a l g a l 
" p l a t e s . " Coa ted g r a i n s ( o o l i t h s , p i s o l i t h s , c i r c u m c r u s t s ) a r e a l s o 
common and p r o b a b l y a r e b i o c h e m i c a l ( a l g a l ?) p r e c i p i t a t e s . P o r e - f i l l i n g 
s p a r r y c a l c i t e a n ^ neomorph ic s p a r r y c a l c i t e a r e t h e dominan t o r t h o c h e m i -
c a l c o n s t i t u e n t s i n some r o c k s , however m i c r o c r y s t a l l i n e c a r b o n a t e 
c l e a r l y i s t h e most a b u n d a n t o r t h o c h e m i c a l c o n s t i t u e n t i n t h e f o r m a t i o n . 
T e r r i g e n o u s c o n s t i t u e n t s a r e p r e s e n t i n n e a r l y a l l c a r b o n a t e r o c k s ; 
t h e y compose up t o 50 p e r c e n t of some c a r b o n a t e r o c k s . 
M i c r i t e and s a n d y and s i l t y c a r b o n a t e r o c k s a r e t h e most, a b u n d a n t 
c a r b o n a t e l i t h o l o g i e s i n t h e Green R i v e r F o r m a t i o n . S p a r i t e s and low-
t e r r i g e n o u s c a r b o n a t e r o c k s a r e l e s s common. The s i m i l a r i t y of l a c u s t r i n e 
c a r b o n a t e r o c k components and l i t h o l o g i e s w i t h m a r i n e c a r b o n a t e componen t s 
and l i t h o l o g i e s l e a d s t o t h e c o n c l u s i o n t h a t l a c u s t r i n e c a r b o n a t e r o c k s 
c a n n o t be d i f f e r e n t i a t e d from m a r i n e c a r b o n a t e r o c k s s o l e l y on t h e 
b a s i s of p e t r o g r a p h i c r e l a t i o n s h i p s . 
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S u b e n v i r o n m e n t s of d e p o s i t i o n a r e r e c o g n i z e d on t h e b a s i s of 
l i t h o l o g i c v a r i a t i o n s , s e d i m e n t a r y s t r u c t u r e s , s t r a t i f i c a t i o n , c o l o r 
and l i t h o l o g i c a s s o c i a t i o n s w i t h i n t h e f o r m a t i o n . N e a r s h o r e and s h o r e ­
l i n e e n v i r o n m e n t s a r e r e p r e s e n t e d by c l e a n l y washed a l l o c h e m - s p a r i t e , 
s a n d y and s i l t y s p a r i t e , and b i o h e r m a l and b i o s t r o m a l a l g a l b i o l i t h i t e 
w h e r e a s l a g o o n a l , m u d f l a t and o f f s h o r e d e e p e r w a t e r d e p o s i t i o n i s c h a r ­
a c t e r i z e d by m i c r i t e , a l l o c h e m - m i c r i t e and s a n d y , s i l t y and c l a y e y 
m i c r i t e . 
D i a g e n e s i s h a s c a u s e d s u b s t a n t i a l c h a n g e s i n t h e c a r b o n a t e r o c k s , 
i n c l u d i n g neomorphism of m i c r o c y r s t a l l i n e c a r b o n a t e mud t o c o a r s e r 
m i c r o c r y s t a l l i n e c a l c i t e and s p a r r y c a l c i t e . D o l o m i c r i t e i s u b i q u i t o u s 
i n t h e f o r m a t i o n and p r o b a b l y formed d u r i n g e a r l y d i a g e n e s i s p r i o r t o 
l i t h i f i c a t i o n a s a r e p l a c e m e n t p r o d u c t of c a l c i u m c a r b o n a t e m i c r i t e . 
S t a b l e c a r b o n and oxygen i s o t o p e s were a n a l y z e d i n an e f f o r t t o 
e v a l u a t e t h e e f f e c t s of b i o l o g i c a l p r e c i p i t a t i o n of c a l c i u m c a r b o n a t e 
and t o d e t e r m i n e w h e t h e r d o l o m i c r i t e formed a s a p r i m a r y p r e c i p i t a t e 
o r by r e p l a c e m e n t of c a l c i u m c a r b o n a t e . P r e l i m i n a r y r e s u l t s s u g g e s t 
a b i o g e n i c f r a c t i o n a t i o n f o r t h e m i c r o c r y s t a l l i n e c a r b o n a t e of o o l i t h s , 
p i s o l i t h s and c e r t a i n m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s ; an i n o r g a n i c 
o r i g i n f o r mos t m i c r i t e n o t i n c o r p o r a t e d i n a l l o c h e m s ; and an e a r l y 
d i a g e n e t i c r e p l a c e m e n t o r i g i n f o r d o l o m i c r i t e . 
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INTRODUCTION 
L a c u s t r i n e c a r b o n a t e r o c k s a r e a g e o l o g i c a l l y and e c o n o m i c a l l y 
i m p o r t a n t g r o u p of r o c k s t h a t h a v e n o t r e c e i v e d t h e a t t e n t i o n of s e d i ­
m e n t a r y p e t r o g r a p h e r s . T h e r e h a v e been r e l a t i v e l y few i n v e s t i g a t i o n s 
of c a r b o n a t e s e d i m e n t s i n r e c e n t l a k e s ( E a r d l e y , 1938 ; C a r o z z i , 1962 ; 
S c h B t t l e and M u l l e r , 1 9 6 8 ) , and even fewer s t u d i e s have b e e n e x t e n d e d 
t o t h e r o c k r e c o r d . P u b l i s h e d d e s c r i p t i o n s of l a c u s t r i n e c a r b o n a t e s 
g e n e r a l l y l a c k p r e c i s i o n and t e n d t o o b s c u r e g e n e t i c i m p l i c a t i o n s t h a t 
m i g h t o t h e r w i s e b e d e t e r m i n e d from more d e t a i l e d p e t r o g r a p h y . M a r l s t o n e , 
d o l o s t o n e , f r e s h w a t e r l i m e s t o n e and f i n e - g r a i n e d l i m e s t o n e a r e examples 
of f r e q u e n t l y u s e d l a c u s t r i n e c a r b o n a t e r o c k d e s c r i p t i o n s ; t h e y o f t e n 
c o n s t i t u t e t h e c o m p l e t e p u b l i s h e d d e s c r i p t i o n of t h e r o c k s . 
The Green R i v e r F o r m a t i o n (Eocene) of t h e U i n t a B a s i n of n o r t h ­
e a s t e r n U t a h and n o r t h w e s t e r n C o l o r a d o a f f o r d s an o p p o r t u n i t y f o r t h e 
s t u d y of a w i d e v a r i e t y of l a c u s t r i n e c a r b o n a t e r o c k s . The p u r p o s e 
of t h i s s t u d y i s t o p r e s e n t p e t r o g r a p h i c d e s c r i p t i o n s of t h e c a r b o n a t e 
r o c k s from t h e Green R i v e r F o r m a t i o n i n o r d e r t o i l l u s t r a t e t h e d i v e r s e 
a s s e m b l a g e of c a r b o n a t e l i t h o l o g i e s t h a t c a n be formed i n a l a c u s t r i n e 
e n v i r o n m e n t , and t o i n t e g r a t e m i c r o s c o p i c , f i e l d and i s o t o p i c d a t a t o 
d e t e r m i n e p h y s i c a l , c h e m i c a l and b i o l o g i c a l c o n d i t i o n s t h a t p r e v a i l e d 
d u r i n g d e p o s i t i o n and d i a g e n e s i s of t h e c a r b o n a t e r o c k s . 
The c u r r e n t p r o d u c t i o n of o i l and gas from t h e s e r o c k s i n t h e 
U i n t a B a s i n p r o v i d e s i n c e n t i v e f o r a b e t t e r u n d e r s t a n d i n g of t h e c a r ­
b o n a t e r o c k s of t h e Green R i v e r F o r m a t i o n . S u r f a c e e x p o s u r e s of t h e 
c a r b o n a t e r o c k s i n t h e U i n t a B a s i n commonly a r e o i l - i m p r e g n a t e d . 
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G e o l o g i c Framework and G e n e r a l S t r a t i g r a p h y 
The Green R i v e r F o r m a t i o n a c c u m u l a t e d i n s e v e r a l l a r g e l a k e s t h a t 
c o v e r e d p a r t s of U t a h , C o l o r a d o and Wyoming d u r i n g t h e E o c e n e . The 
l a r g e s t and l o n g e s t - l i v e d was Lake U i n t a which had a maximum e x t e n t of 
a p p r o x i m a t e l y 2 0 , 0 0 0 s q u a r e k i l o m e t e r s and a d u r a t i o n of o v e r 13 m i l l i o n 
y e a r s ( P i c a r d , 1 9 6 3 , p . 8 9 ) . I n Wyoming, Lake G o s i u t e was p a r t i a l l y 
c o n t e m p o r a n e o u s w i t h Lake U i n t a . A l l of t h e s a m p l e s examined i n t h i s 
i n v e s t i g a t i o n a r e from t h e U i n t a B a s i n of n o r t h e a s t e r n Utah and n o r t h ­
w e s t e r n C o l o r a d o ( f i g . 1 ) . 
The s t r a t i g r a p h y , g e n e r a l p e t r o l o g y and economic p o t e n t i a l of t h e 
Green R i v e r F o r m a t i o n i n t h e U i n t a B a s i n h a v e b e e n w e l l - s t u d i e d 
( B r a d l e y , 1 9 2 9 , 1 9 3 1 ; D a n e , 1 9 5 4 , 1 9 5 5 ; P i c a r d , 1 9 5 5 , 1 9 5 7 , 1 9 5 9 , 1 9 6 7 ; 
P i c a r d and H i g h , 1 9 6 8 , 1972b ; A b b o t t , 1 9 5 7 ; P o r t e r , 1 9 6 3 , R o b e r t s , 
1 9 6 4 ; Moussa , 1 9 6 5 ; C a s h i o n , 1967 ; Thompson, 1 9 7 1 ) . A r e v i e w of 
c r i t e r i a i n d i c a t i v e of a l a c u s t r i n e o r i g i n f o r t h e Green R i v e r F o r m a t i o n 
i s g i v e n by P i c a r d and High ( 1 9 7 2 a , p . 1 3 9 ) . 
The Green R i v e r F o r m a t i o n i n t e r t o n g u e s w i t h f l u v i a l r o c k s of t h e 
Wasa tch ( P a l e o c e n e ? - E o c e n e ) , C o l t o n ( P a l e o c e n e ? -Eocene ) and U i n t a 
(Eocene ) F o r m a t i o n s . F i g . 2 shows t h e s t r a t i g r a p h i c n o m e n c l a t u r e u s e d 
h e r e . L a c u s t r i n e c a r b o n a t e r o c k s were sampled from a l l members and 
f a c i e s of t h e Green R i v e r F o r m a t i o n and from t h e lower U i n t a F o r m a t i o n i n 
t h e c e n t r a l and w e s t e r n U i n t a B a s i n , The s a n d s t o n e and l i m e s t o n e f a c i e s 
and t h e s a l i n e f a c i e s of t h e l o w e r U i n t a F o r m a t i o n a r e l a c u s t r i n e i n 
o r i g i n and r e p r e s e n t t h e wan ing s t a g e s of Lake U i n t a . 
Methods of S tudy 
O u t c r o p s of t h e Green R i v e r F o r m a t i o n were examined and sampled 
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Scole In miles 
i n two main a r e a s of t h e U i n t a B a s i n ( f i g . 1 ) : (1 ) Raven R i d g e a l o n g 
t h e e a s t e r n edge of t h e b a s i n , and (2 ) I n d i a n Canyon i n t h e w e s t e r n 
p a r t of t h e b a s i n . T h e s e two o u t c r o p a r e a s we re c h o s e n b e c a u s e t h e y 
p r o v i d e e a s i l y a c c e s s i b l e , w e l l - e x p o s e d , c o m p l e t e s e c t i o n s of t h e f o r ­
m a t i o n and a r e b e l i e v e d t o be r e p r e s e n t a t i v e of a l l major l a c u s t r i n e 
f a c i e s . 
The s e c t i o n exposed a l o n g Raven R i d g e i s a p p r o x i m a t e l y 580 m t h i c k 
a t D r i p p i n g Rock Creek ( C a s h i o n , 1967 , p . 8) and i s d o m i n a n t l y n e a r -
s h o r e - s h o r e l i n e l a c u s t r i n e f a c i e s , a l t h o u g h f l u v i a l and " d e e p - w a t e r " 
l a c u s t r i n e f a c i e s a r e a l s o p r e s e n t . The I n d i a n Canyon s e c t i o n i s a p p r o x ­
i m a t e l y 1500 m t h i c k i n c l u d i n g t h e s a l i n e f a c i e s and t h e s a n d s t o n e and 
l i m e s t o n e f a c i e s of t h e U i n t a F o r m a t i o n ( B r a d l e y , 1 9 3 1 , p . 17) . Most 
of t h e Green R i v e r and lower U i n t a F o r m a t i o n s exposed a t t h e I n d i a n 
Canyon s e c t i o n a c c u m u l a t e d be low wave b a s e i n o f f s h o r e l a c u s t r i n e 
e n v i r o n m e n t s . Rocks r e p r e s e n t i n g e s p e c i a l l y s a l i n e p h a s e s of t h e l a k e ' s 
h i s t o r y ( s a l i n e f a c i e s ) and d e l t a i c - l a c u s t r i n e r o c k s ( g r e e n s h a l e 
f a c i e s ) a r e a l s o exposed a t I n d i a n Canyon. I n a d d i t i o n t o t h e I n d i a n 
Canyon and Raven R i d g e s e c t i o n s , s e v e r a l o t h e r o u t c r o p a r e a s i n t h e 
c e n t r a l and s o u t h e r n U i n t a B a s i n we re examined and o c c u r r e n c e s of 
c a r b o n a t e r o c k s were n o t e d . 
F i e l d d e s c r i p t i o n s of c a r b o n a t e r o c k s i n t h e Green R i v e r and lower 
U i n t a F o r m a t i o n s w e r e made f o r t h e I n d i a n Canyon and Raven R i d g e s e c ­
t i o n s . S t r a t i g r a p h i c p o s i t i o n , l i t h o l o g i c a s s o c i a t i o n , s t r a t i f i c a t i o n 
t y p e , b e d d i n g t h i c k n e s s , c o l o r , and t y p e of s e d i m e n t a r y s t r u c t u r e s we re 
d e s c r i b e d f o r e ach major c a r b o n a t e l i t h o l o g y r e c o g n i z a b l e i n t h e f i e l d . 
Terms f o r b e d d i n g t h i c k n e s s and s t r a t i f i c a t i o n t y p e f o l l o w t h e t e r m i n ­
o l o g y of McKee and Weir ( 1 9 5 3 ) . C o l o r t e r m s a r e from Goddard and o t h e r s 
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F i g . 2 . S t r a t i g r a p h i c n o m e n c l a t u r e c o r r e l a t i o n c h a r t . 
A f t e r P i c a r d (1955) and Thompson ( 1 9 7 1 ) . 
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( 1 9 4 8 ) . F r e s h s a m p l e s f o r t h i n s e c t i o n , i s o t o p e and X - r a y a n a l y s i s 
we re c o l l e c t e d . The d i s t r i b u t i o n of s a m p l e s was d e t e r m i n e d by t h e 
f r e q u e n c y of o c c u r r e n c e of each c a r b o n a t e l i t h o l o g y , howeve r , a q u a n t i ­
t a t i v e e s t i m a t e of r e l a t i v e a b u n d a n c e s of r o c k t y p e s b a s e d on such a 
s u b j e c t i v e and l i m i t e d s a m p l i n g p rog ram i s n o t a t t e m p t e d . 
T h i n s e c t i o n s we re p r e p a r e d f o r 110 s a m p l e s . About t h r e e - f o u r t h s 
of t h e t h i n s e c t i o n s w e r e t r e a t e d w i t h a l i z a r i n r e d - S f o r c a l c i t e 
i d e n t i f i c a t i o n ( F r i e d m a n , 1 9 5 9 ) . N i n e t y - t h r e e c a r b o n a t e t h i n s e c t i o n s 
w e r e a n a l y z e d by p o i n t c o u n t i n g . Two h u n d r e d p o i n t s we re c o u n t e d f o r 
e a c h s e c t i o n . A l l p o i n t c o u n t s w e r e done u n d e r h i g h m a g n i f i c a t i o n 
(x320 o r x500) w i t h an a u t o m a t i c c o u n t i n g s t a g e . 
F o r t y - f i v e s a m p l e s were s e l e c t e d f o r X - r a y a n a l y s i s . Each s ample 
was a n a l y z e d a t 40 kv and 20 ma w i t h n i c k e l - f i l t e r e d Cu K - a l p h a r a d i a ­
t i o n on a N o r e l c o - P h i l l i p s X - r a y d i f f r a c t i o n u n i t . Samples we re s c a n n e d 
from 4 ° t o 4 4 ° 2 8 . R e l a t i v e p r o p o r t i o n s of c a l c i t e and d o l o m i t e we re 
d e t e r m i n e d by t h e f i x e d - t i m e c o u n t method and c a l i b r a t i o n c u r v e of 
Royse and o t h e r s ( 1 9 7 1 , p . 4 8 7 ) . The t e c h n i q u e i s c o n s i d e r e d a c c u r a t e 
w i t h i n + s i x p e r c e n t d o l o m i t e a t t h e 95 p e r c e n t c o n f i d e n c e l e v e l . 
P o l i s h e d s l a b s , r o c k c h i p s and a c e t a t e p e e l s of s e l e c t e d s a m p l e s 
w e r e examined w i t h t h e b i n o c u l a r m i c r o s c o p e . Rocks c o n t a i n i n g m i c r o -
c r y s t a l l i n e c a r b o n a t e we re s p o t c h e c k e d f o r admixed c l a y m i n e r a l s by 
t a k i n g i n s o l u b l e r e s i d u e s . P r o c e d u r e s employed i n t h e p r e p a r a t i o n and 
a n a l y s i s of c a r b o n and oxygen i s o t o p e s a r e i n c l u d e d i n t h e s e c t i o n w i t h 
t h e i s o t o p i c r e s u l t s . 
ALLOCHEMICAL CONSTITUENTS 
A l l o c h e m i c a l c o n s t i t u e n t s i n c l u d e t h o s e m a t e r i a l s t h a t h a v e 
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formed by c h e m i c a l o r b i o c h e m i c a l p r e c i p i t a t i o n w i t h i n t h e b a s i n of 
d e p o s i t i o n and s u b s e q u e n t l y have been o r g a n i z e d i n t o a g g r e g a t e b o d i e s 
t h a t u s u a l l y u n d e r g o some t r a n s p o r t a t i o n ( F o l k , 1968 , p . 1 ) . Fo r t h e 
p u r p o s e s of modal a n a l y s i s t h r e e g e n e r a l t y p e s of a l l o c h e m i c a l c o n s t i ­
t u e n t s , o r " a l l o c h e m s " , a r e r e c o g n i z e d : (1) f o s s i l s , (2) c o a t e d g r a i n s 
and (3) m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s . D e s c r i p t i o n s and f u r t h e r 
s u b d i v i s i o n s of a l l o c h e m t y p e s a r e p r e s e n t e d i n t h e f o l l o w i n g s e c t i o n . 
F o s s i l s 
C a l c a r e o u s a l g a e , o s t r a c o d e s and g a s t r o p o d s a r e t h e most a b u n d a n t 
f o s s i l s i n t h e Green R i v e r F o r m a t i o n . P e l e c y p o d s , v a s c u l a r p l a n t s 
and a s s o r t e d v e r t e b r a t e bone f r a g m e n t s l o c a l l y a r e p r e s e n t i n s m a l l 
amounts i n c a r b o n a t e r o c k s . 
C a l c a r e o u s A l g a e . - - A l g a l f r a g m e n t s a r e t h e most a b u n d a n t and w i d e ­
s p r e a d s k e l e t a l e l e m e n t i n t h e f o r m a t i o n . A l g a l f o s s i l s o c c u r e i t h e r 
a s f r a g m e n t a l t r a n s p o r t e d " p l a t e s " o r as a u t o c h t h o n o u s g rowth s t r u c ­
t u r e s . D i s c u s s i o n of t h e a u t o c h t h o n o u s t y p e s i s r e s e r v e d f o r a 
l a t e r s e c t i o n . 
The f r a g m e n t a l a l g a l p l a t e s a r e n o t f o s s i l a l g a e i n t h e s t r i c t e s t 
s e n s e . None of t h e f r a g m e n t s h a v e v i s i b l e p r e s e r v e d s t r u c t u r e s s u c h 
a s c e l l w a l l s o r r e p r o d u c t i v e o r g a n s b e c a u s e of e x t e n s i v e neomorphism 
of t h e o r i g i n a l c a l c i u m c a r b o n a t e (Neomorphism f_ F o l k , 1965 / i s an 
i n c l u s i v e t e r m e m b r a c i n g i n v e r s i o n and r e c r y s t a l l i z a t i o n . I t i s u s e d 
i n t h i s r e p o r t whe re i t i s u n c e r t a i n which p r o c e s s was o p e r a t i v e ) . 
N e v e r t h e l e s s , t h e i r r e s e m b l a n c e t o and a s s o c i a t i o n w i t h a l g a l s t r o m a t o ­
l i t e ( f i g . 3) and o t h e r a l g a l s t r u c t u r e s i n t h e Green R i v e r F o r m a t i o n 
l e a v e l i t t l e d o u b t a s t o t h e i r o r i g i n . 
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The p l a t e s a r e composed of c l e a r s p a r r y c a l c i t e and somet imes 
h a v e two f a i n t l y p r e s e r v e d p r i s m a t i c l a y e r s s e p a r a t e d by a c e n t r a l 
t h i n ( 1 - 3 u.m) d a r k l a y e r ( f i g . 4e) . P l a t e s a r e p l a n a r , u n d u l a t o r y o r 
s l i g h t l y c o n v e x , and g e n e r a l l y a r e o r i e n t e d s u b p a r a l l e l o r p a r a l l e l 
t o s t r a t i f i c a t i o n . I m b r i c a t i o n of p l a t e s i s common. P l a t e s a r e 10 t o 
15 jjm t h i c k ; t h e i r maximum d i m e n s i o n n o r m a l l y i s . 5 t o 4 mm. P l a t e s a s 
l o n g a s 15 cm were o b s e r v e d i n t h e f i e l d . 
B r a d l e y ( 1 9 2 9 , p . 207-208) i d e n t i f i e d two s p e c i e s of b l u e - g r e e n o r 
g r e e n c a l c a r e o u s a l g a e i n t h e Green R i v e r F o r m a t i o n ; C h l o r e l l o p s i s 
c o l o n i a t a and C o n f e r v i t e s m a n t i e n s i s . Baer ( 1 9 6 9 , p . 68) r e p o r t e d t h e 
o c c u r r e n c e of P e d i a s t r u m s p . from t h e s o u t h w e s t e r n U i n t a B a s i n . 
P r o b a b l y more t h a n two o r t h r e e s p e c i e s of c a l c a r e o u s a l g a e a c c o u n t 
f o r t h e m u l t i t u d e of a l g a l f r a g m e n t s and s t r u c t u r e s found i n t h e Green 
R i v e r F o r m a t i o n , b u t d i a g e n e t i c a l t e r a t i o n g e n e r a l l y p r o h i b i t s g e n e r i c 
i d e n t i f i c a t i o n . Logan and o t h e r s ( 1 9 6 4 , p . 70) r e p o r t e d t h a t up t o 28 
s p e c i e s of a l g a e h a v e been r e c o r d e d i n some r e c e n t a l g a l ma t s from 
F l o r i d a . 
C h a r o p h y t e s we re n o t e d i n t h e f i e l d and i n s e v e r a l t h i n s e c t i o n s . 
G y r o g i n i t . e s ( c a l c i f i e d p o r t i o n of t h e f e m a l e r e p r o d u c t i v e o r g a n s ) and 
f r a g m e n t e d s t e m s a r e a b u n d a n t i n s e v e r a l m i c r i t e s a m p l e s . 
O s t r a c o d e s . - - O s t r a c o d e s a r e t h e s econd most a b u n d a n t f o s s i l s i n 
t h e Green R i v e r F o r m a t i o n . O s t r a c o d e s h e l l s a r e t h i n ( 5 - 1 0 ^m) , 
c l e a r , p r i s m a t i c c a l c i t e . V a l v e s may o r may n o t be a r t i c u l a t e d . Lime 
mud i n f i l l i n g s of a r t i c u l a t e d s h e l l s and lumps of mud a t t a c h e d t o 
f r a g m e n t e d s h e l l s a r e common ( f i g s . 4 c , 4 d ) . As w i t h most n o n - m a r i n e 
o s t r a c o d e s , t h e s h e l l s a r e e l l i p t i c a l and r e l a t i v e l y u n o r n a m e n t e d . 
The o s t r a c o d e s a r e a s l a r g e a s 1.5 mm i n d i a m e t e r , b u t more commonly 
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F i g . 3 . P h o t o m i c r o g r a p h of a l g a l b i o l i t h i t e . , No te 
t h e g rowth form of t h e c a l c a r e o u s a l g a l " p l a t e s . " 
S e v e r a l q u a r t z g r a i n s t h a t were e n t r a p p e d by t h e 
a l g a e a r e a l s o p r e s e n t . 
.    i lithite . 
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F i g . 4 . P h o t o m i c r o g r a p h s of b i o m i c r i t e and b i o s p a r i t e 
A. G r a i n - s u p p o r t e d a l g a l b i o s p a r i t e w i t h f r a g m e n t a l a l g a l 
" p l a t e s . " P l a n e l i g h t . 
B. G r a i n - s u p p o r t e d a l g a l b i o m i c r i t e w i t h o s t r a c o d e s . Some 
of t h e a l g a l p l a t e s a r e n e a r l y i n g rowth p o s i t i o n and 
a p p a r e n t l y p r o v i d e d a s u b s t r a t e f o r t h e o s t r a c o d e s . 
P l a n e l i g h t . 
C. G r a i n - s u p p o r t e d o s t r a c o d e b i o s p a r i t e . A few a l g a l f r a g m e n t s 
a r e p r e s e n t b u t most f o s s i l s a r e a r t i c u l a t e d m u d - f i l l e d 
o s t r a c o d e s c o n t a i n i n g s e v e r a l m o l t s t a g e c a r a p a c e s . P l a n e 
l i g h t . 
D. High m a g n i f i c a t i o n of o s t r a c o d e b i o s p a r i t e . S t a i n i n g 
i n d i c a t e s t h a t o s t r a c o d e s h e l l s and s p a r a r e c a l c i t e 
w h e r e a s mud i n f i l l i n g s a r e d o l o m i c r i t e . P l a n e l i g h t . 
E . High m a g n i f i c a t i o n of a l g a l b i o m i c r i t e . No te t h e f r a g ­
m e n t a l n a t u r e of t h e p l a t e s and t h e i r f a i n t l y p r e s e r v e d 
i n t e r n a l s t r u c t u r e . P l a n e l i g h t . 
F . N e g a t i v e p r i n t of a c e t a t e p e e l . M u d - s u p p o r t e d g a s t r o p o d b i o 
m i c r i t e , Doug las Greek Member, Raven R i d g e . 
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a r e . 4 - . 6 mm d i a m e t e r . S e v e r a l m o l t s t a g e c a r a p a c e s , o r i n s t a r s , 
u s u a l l y a r e p r e s e n t w i t h t h e a d u l t f o r m s . 
Swain ( 1 9 4 9 , 1 9 5 6 ) , P i c a r d ( 1 9 5 5 , p . 7 8 ) , R o b e r t s ( 1 9 6 4 ) , Moussa 
( 1 9 6 5 , p . 69) and Baer ( 1 9 6 9 , p . 66) r e p o r t e d t h e f o l l o w i n g o s t r a c o d e 
g e n e r a from t h e Green R i v e r F o r m a t i o n of t h e U i n t a B a s i n ; Candona , 
C y p r i d e a , C y p r i s , C y p r o i s , E r e p e t o c y p r i s , H e m i c y p r i n o t u s , H e t e r o c y p r i s , 
I l y o c y p r i s , P o t a m o c y p r i s , P r o c y p r o i s , and P s e u d o e u c y p r i s . The r e l a t i v e 
a b u n d a n c e s of t h e v a r i o u s g e n e r a a r e n o t known. P r e s e r v a t i o n g e n e r a l l y 
i s good , b u t t h e d i f f i c u l t y of e x t r a c t i n g t h e m i c r o f o s s i l s h a s d i s ­
c o u r a g e d f u r t h e r work . 
M o l l u s c s . - - G a s t r o p o d s and p e l e c y p o d s a r e l o c a l l y a b u n d a n t b u t 
a r e n o t common t h r o u g h o u t t h e f o r m a t i o n . G a s t r o p o d s h e l l s g e n e r a l l y 
a r e w e l l p r e s e r v e d and t h e i r d i s t i n c t i v e s h a p e and c r o s s e d l a m e l l a r 
m i c r o s t r u c t u r e make them e a s i l y i d e n t i f i a b l e i n t h i n s e c t i o n ( f i g . 4 f ) . 
La Rocque ( 1 9 5 6 , p . 143) n o t e d t h a t t h e g a s t r o p o d g e n e r a A u s t r a l o r b i s , 
G o n i o b a s i s , G y r a u l u s , " H e l i x " , H o l o s p i r a , O r e o h e l i x , P h y s a , and 
V i v i p a r u s a r e t h e most common i n t h e c a r b o n a t e r o c k s e x a m i n e d . 
P e l e c y p o d s were found a t o n l y one l o c a l i t y ( b l a c k s h a l e f a c i e s 
I n d i a n C a n y o n ) . E l l i p t i o and L a m p s i l s i s were i d e n t i f i e d . 
C o a t e d G r a i n s 
Coa ted g r a i n s i n c l u d e o o l i t h s , p i s o l i t h s and c i r c u m c r u s t s . I n 
o r d e r t o be c o n s i d e r e d an o o l i t h o r p i s o l i t h , a p a r t i c l e must show two 
o r more c o n c e n t r i c l a y e r s and ( o r ) r a d i a l s t r u c t u r e . The t e r m " c i r -
c u m c r u s t " i s s l i g h t l y m o d i f i e d from Wolf ( 1 9 6 5 , p . 9) t o i n c l u d e p a r t i c l e s 
o f l i g h t t o d a r k brown m i c r o c r y s t a l l i n e c a r b o n a t e ( c r y s t a l s l e s s t h a n 
20 jj.m) t h a t p a r t i a l l y e n c r u s t o r c o m p l e t e l y s u r r o u n d a f o s s i l 
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o r n o n f o s s i l h o s t f r a g m e n t , 
O o l i t h s . - - O o l i t h s i n t h e Green R i v e r F o r m a t i o n r a n g e from . 2 t o 
2 mm d i a m e t e r , a v e r a g i n g a b o u t . 5 mm d i a m e t e r . C o n c e n t r i c a l l y l a y e r e d 
p a r t i c l e s s e ldom exceed 2 mm d i a m e t e r , t h e lower s i z e l i m i t f o r p i s o -
l i t h s . The o o l i t h s and p i s o l i t h s a r e s p h e r o i d a l , o v o i d o r e l l i p s o i ­
d a l . N u c l e i , where p r e s e n t , g e n e r a l l y a r e r o u n d e d m i c r o c r y s t a l l i n e 
c a r b o n a t e a g g r e g a t e s . O s t r a c o d e s , a l g a l f r a g m e n t s , and s a n d - s i z e 
q u a r t z and f e l d s p a r g r a i n s l e s s commonly p r o v i d e n u c l e i ( f i g . 5 c ) . 
Many o o l i t h s h a v e no v i s i b l e n u c l e u s . O o l i t h s and p i s o l i t h s have a 
l i g h t t o d a r k b r o w n i s h t i n g e i n c o n v e r g e n t l i g h t , s u g g e s t i n g t h a t t h e y 
c o n t a i n o r g a n i c m a t t e r . V e s t i g e s of p o s s i b l e a l g a l c e l l molds o r i e n t e d 
p e r p e n d i c u l a r t o p o o r l y d e v e l o p e d c o n c e n t r i c l a y e r i n g w e r e n o t e d i n 
s e v e r a l d i f f e r e n t o o l i t h s ( f i g . 5 e ) . F u r t h e r e v i d e n c e s u g g e s t i n g an 
o r g a n i c o r i g i n i s p r e s e n t e d i n t h e s e c t i o n on i s o t o p e s . T h i n l a y e r s 
of i r o n o x i d e a r e found i n some c o a t e d g r a i n s . The p r e s e n c e of i r o n 
o x i d e i s s u g g e s t e d by t h e d a r k y e l l o w i s h o r a n g e (10YR 6 /6 ) c o l o r of 
w e a t h e r e d g r a i n s . A l l s t a g e s of r e p l a c e m e n t of o o l i t h s and p i s o l i t h s 
by d o l o m i t e c a n be o b s e r v e d i n t h i n s e c t i o n . Only t h o s e g r a i n s t h a t 
h a v e p r e s e r v e d some e v i d e n c e of c o n c e n t r i c and ( o r ) r a d i a l s t r u c t u r e 
w e r e c o u n t e d a s o o l i t h s and p i s o l i t h s i n modal a n a l y s e s . 
t h e Green R i v e r F o r m a t i o n , a l t h o u g h t h e y do n o t c o n s t i t u t e t h e main 
f r a m e w o r k - b u i l d i n g a l l o c h e m i n any of t h e r o c k s . A 10 t o 40 flm t h i c k 
l a y e r of m i c r o c r y s t a l l i n e c a r b o n a t e e n c i r c l i n g q u a r t z and f e l d s p a r sand 
g r a i n s i s t h e mos t common t y p e of c i r c u m c r u s t ( f i g . 5 b ) . F o s s i l 
c i r c u m c r u s t s a r e a l s o common; a l g a l f r a g m e n t s and o s t r a c o d e s h e l l s 
a r e t h e e n c r u s t e d h o s t s ( f i g . 5 d ) . 
. - - C i r c u m c r u s t s a r e w i d e s p r e a d i n c a r b o n a t e r o c k s of 
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F i g . 5 . P h o t o m i c r o g r a p h s of o o m i c r i t e and o o s p a r i t e 
A. M u d - s u p p o r t e d o o m i c r i t e w i t h p a r t i a l l y r e c r y s t a l l i z e d o o l i t h s . 
P l a n e l i g h t . 
B . Q u a r t z g r a i n c i r c u m c r u s t . P l a n e l i g h t . 
C . G r a i n - s u p p o r t e d s a n d y o o s p a r i t e . L a r g e o o l i t h on f a r 
r i g h t h a s an o s t r a c o d e s h e l l f o r a n u c l e u s . No te t h e 
a b u n d a n c e of s a n d - s i z e c h e r t g r a i n s . C r o s s e d n i c o l s . 
D . C i r c u m c r u s t c o a t i n g an a l g a l f r a g m e n t . P l a n e l i g h t . 
E . L a r g e o o l i t h s i n s andy o o m i c r i t e . No te t h e w e a k l y -
d e v e l o p e d c o n c e n t r i c l a y e r i n g and p r o b a b l e a l g a l c e l l 
m o l d s . C r o s s e d n i c o l s . 
15 
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C i r c u m c r u s t s a r e b e l i e v e d t o be g e n e t i c a l l y r e l a t e d t o o o l i t h s 
and p i s o l i t h s . S i m i l a r t y p e s of g r a i n e n c r u s t a t i o n s ( m i c r i t e e n v e ­
l o p e s ) h a v e b e e n a t t r i b u t e d t o " m i c r i t i z a t i o n " - - d e g r a d a t i o n and r e c r y s -
t a l l i z a t i o n of s k e l e t a l c a r b o n a t e by b o r i n g a l g a e ( B a t h u r s t , 1966 ; 
W i n l a n d , 1968 ; B u c h b i n d e r and F r i e d m a n , 1970; L l o y d , 1 9 7 1 ) , and t o 
v a d o s e c a l i c h e f i c a t i o n ( J a c k a , 1 9 7 0 ) . S i b l e y and Murray ( 1 9 7 2 , p . 174 -
175) h a v e shown t h a t m i c r i t i z a t i o n of e n c r u s t i n g a l g a e can r e s u l t i n 
c i r c u m c r u s t s s i m i l a r t o t h o s e found i n t h e Green R i v e r F o r m a t i o n . 
A l t h o u g h no a l g a l m i c r o s t r u c t u r e s we re o b s e r v e d i n c i r c u m c r u s t s from 
t h e Green R i v e r F o r m a t i o n , t h e g r a i n c o a t i n g s a r e b e l i e v e d t o h a v e been 
formed by e n c r u s t i n g a l g a e t h a t h a v e s u b s e q u e n t l y been m i c r i t i z e d . 
M i c r i t i z a t i o n of s k e l e t a l f r a g m e n t s by b o r i n g a l g a e c a n n o t e x p l a i n 
q u a r t z e n c r u s t a t i o n s , and g r a i n c o a t i n g s show no o v e r l a p o r c o a l ­
e s c e n c e as found i n v a d o s e c a l i c h e . 
M i c r o c r y s t a l l i n e C a r b o n a t e A g g r e g a t e s 
T h i s g r o u p of a l l o c h e m s i s p o l y g e n e t i c . T h r e e main t y p e s of 
m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s a r e r e c o g n i z e d : (1) i n t r a c l a s t s ; 
a n g u l a r t o r o u n d e d , i r r e g u l a r s h a p e d , p o o r l y s o r t e d s a n d - and g r a v e l -
s i z e c l a s t s of a g g r e g a t e d m i c r o c r y s t a l l i n e c a r b o n a t e or l e s s commonly 
of m i c r o c r y s t a l l i n e c a r b o n a t e and f o s s i l s o r t e r r i g e n o u s s i l t g r a i n s , 
(2) p e l l e t s ; r o u n d e d , s p h e r i c a l t o o v o i d , m o d e r a t e l y t o w e l l - s o r t e d , 
. 0 5 - 1 mm, s t r u c t u r e l e s s , m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s , and 
(3) a l g a c l a s t s : a n g u l a r t o r o u n d e d , i r r e g u l a r - s h a p e d , p o o r l y s o r t e d , 
s a n d - and g r a v e l - s i z e a g g r e g a t e s of m i c r o c r y s t a l l i n e c a r b o n a t e t h a t 
have a d i s t i n c t i v e " s p o n g y " t e x t u r e . 
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A c o m p l e t e g r a d a t i o n e x i s t s be tween t h e t h r e e t y p e s . I n any one 
r o c k , o n e , two o r a l l t h r e e k i n d s of a g g r e g a t e s may be p r e s e n t . D i s ­
t i n c t i o n of t h e t h r e e a g g r e g a t e t y p e s i s o f t e n d i f f i c u l t on an i n d i ­
v i d u a l p a r t i c l e b a s i s . I n t r a c l a s t s , p e l l e t s and a l g a c l a s t s t h e r e f o r e 
w e r e g r o u p e d t o g e t h e r and c o u n t e d as one p a r t i c l e t y p e , m i c r o c r y s t a l ­
l i n e c a r b o n a t e a g g r e g a t e s . However , t h e most a b u n d a n t t y p e of a g g r e ­
g a t e was e s t i m a t e d f o r e ach t h i n s e c t i o n . 
I n t r a c l a s t s . - - M o s t of t h e i n t r a c l a s t s o r i g i n a t e d by t h e e r o s i o n of 
i n c o m p l e t e l y c o n s o l i d a t e d s e d i m e n t from t h e l a k e b o t t o m and l a k e s h o r e s . 
I n any one r o c k t h e i n t r a c l a s t s l o n g e s t d i m e n s i o n may r a n g e from . 1 
t o 20 mm ( f i g . 6 f ) . The i n t r a c l a s t s may c o n t a i n c o n t e m p o r a n e o u s 
l a c u s t r i n e f o s s i l s , s i l t - s i z e q u a r t z and f e l d s p a r , and show f a i n t 
s t r a t i f i c a t i o n . A few of t h e i n t r a c l a s t s formed i n p l a c e by t h e 
s e l e c t i v e neomorphism of s u r r o u n d i n g m i c r o c r y s t a l l i n e c a r b o n a t e . These 
a r e r e c o g n i z a b l e by t h e i r vague t r a n s i t i o n a l b o u n d a r i e s w i t h t h e 
s u r r o u n d i n g s p a r r y and m i c r o c r y s t a l l i n e c a l c i t e . V a r i o u s s t a g e s of i s o ­
l a t i o n of t h e c l a s t s a r e shown i n t h i n s e c t i o n s , b u t most of t h e i n t r a ­
c l a s t s show c l e a r e v i d e n c e of b e i n g d e p o s i t e d by c u r r e n t s . 
P e l l e t s . - - P e l l e t s a r e d e v o i d of i n t e r n a l s t r u c t u r e . F e c a l p e l l e t ­
i n g , i n p l a c e o r g a n i c and i n o r g a n i c a g g l u t i n a t i o n , r e c r y s t a l l i z a t i o n 
and c e m e n t a t i o n , d o l o m i t i z a t i o n and neomorphism of o o l i t h s , and e r o s i o n 
and a b r a s i o n of weak ly c o n s o l i d a t e d c a r b o n a t e mud a r e p o s s i b l e o r i g i n s 
f o r t h e s e a g g r e g a t e s . Most p e l l e t s i n t h e Green R i v e r F o r m a t i o n a r e 
b e l i e v e d t o b e t h e r e s u l t of i n o r g a n i c o r o r g a n i c ( a l g a l ) a c c r e t i o n of 
m i c r o c r y s t a l l i n e c a r b o n a t e , f o l l o w e d by e r o s i o n and m e c h a n i c a l a b r a s i o n 
of t h e a g g r e g a t e s . Whether o r n o t a l g a e we re i n s t r u m e n t a l i n t h e a g g l u ­
t i n a t i o n p r o c e s s i s u n c e r t a i n . Wolf (1965) s u g g e s t e d t h a t a l g a e can be 
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F i g . 6 . P h o t o m i c r o g r a p h s of a g g m i c r i t e and a g g s p a r i t e 
A. G r a i n - s u p p o r t e d a g g m i c r i t e . B l a c k a r e a s a r e p o r e s p a c e s ' 
(29 p e r c e n t ) . T h i s s ample p r o b a b l y was an o o s p a r i t e p r i o r 
t o d o l o m i t i z a t i o n of o o l i t h s and r e m o v a l of mos t s p a r . 
See f i g . 11c b e l o w . C r o s s e d n i c o l s . 
B. M u d - s u p p o r t e d a g g m i c r i t e showing i n - p l a c e f o r m a t i o n of 
p e l l e t s by i n c i p i e n t neomorphism of c a l c i u m c a r b o n a t e . 
P l a n e l i g h t . 
C. High m a g n i f i c a t i o n of f i g . 11a showing d o l o m i t i z e d o o l i t h s , 
a b u n d a n t p o r e s p a c e , and r e l i c t q u a r t z n u c l e u s w i t h a d o l o ­
m i t i z e d o o l i t i c c o a t i n g . Dark a r e a i n lower r i g h t i s s t a i n e d 
s p a r r y c a l c i t e which p r o b a b l y o r i g i n a l l y f i l l e d most p o r e 
s p a c e . C r o s s e d n i c o l s . 
D. G r a i n - s u p p o r t e d sandy a g g s p a r i t e . "Spongy" t e x t u r e of m i c r o -
c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s ( a l g a c l a s t s ) i s a t t r i b u t e d 
t o m i c r i t e molds of a l g a l f i l a m e n t s and c e l l s . P l a n e l i g h t . 
E . G r a i n - s u p p o r t e d a g g s p a r i t e . C l a s t s p r o b a b l y a r e e r o s i o n a l 
i n o r i g i n . P l a n e l i g h t . 
F . M u d - s u p p o r t e d a g g m i c r i t e . A g g r e g a t e s r a n g e from .05 t o 
1.5 mm d i a m e t e r . The groundmass i s a t r a n s i t i o n a l m i x t u r e 
of m i c r i t e and p s e u d o s p a r , m i c r i t e b e i n g t h e more a b u n d a n t 
c o n s t i t u e n t . C r o s s e d n i c o l s . 
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more i m p o r t a n t i n t h e f o r m a t i o n of p e l l e t s t h a n i s g e n e r a l l y s u p p o s e d . 
S e v e r a l w o r k e r s ( F o l k , 1962 , p . 6 5 ; B e a l e s , 1 9 6 5 , p . 5 1 ; Wolf , 1 9 6 5 , 
p . 20 ; L a p o r t e , 1969 , p . 104; Cayeux , 1970 , p . 252) h a v e s u g g e s t e d t h a t 
o r g a n i c o r i n o r g a n i c a g g l u t i n a t i o n f o l l o w e d by t r a n s p o r t a t i o n and 
a b r a s i o n i s r e s p o n s i b l e f o r such m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s . 
S e v e r a l t h i n s e c t i o n s show a c o m p l e t e t r a n s i t i o n from p e b b l e - s i z e a g g r e 
g a t e s w i t h i n t e r n a l s t r u c t u r e s such a s l a m i n a t i o n , spongy t e x t u r e , and 
e n c l o s e d t e r r i g e n o u s g r a i n s or f o s s i l s t o v e r y f i n e s a n d - s i z e o v o i d 
o r s p h e r i c a l s t r u c t u r e l e s s a g g r e g a t e s ( f i g . 6 f ) . I t seems l i k e l y , 
t h e n , t h a t many of t h e p e l l e t s h a v e an e r o s i o n a l o r i g i n s i m i l a r t o t h e 
l a r g e r i n t r a c l a s t s . P e l l e t s commonly show e v i d e n c e of b e i n g c u r r e n t 
d e p o s i t e d , s u c h as c r o s s - s t r a t i f i c a t i o n and i n t e r b e d d i n g w i t h q u a r t z 
s i l t o r s a n d . However , a few p e l l e t s formed a u t o c h t o n o u s l y ( f i g . 6 b ) . 
T h e s e have an o r i g i n s i m i l a r t o l a r g e r a g g r e g a t e s t h a t formed i n p l a c e . 
D o l o m i t i z e d o r r e c r y s t a l l i z e d o o l i t h s i n wh ich a l l v e s t i g e s of 
i n t e r n a l s t r u c t u r e s h a v e b e e n removed a r e a l s o an i m p o r t a n t t y p e of 
p e l l e t i n t h e Green R i v e r F o r m a t i o n . C a r o z z i ( 1 9 6 0 , p . 2 8 0 ) , S w e t t 
( 1 9 6 5 , p . 933) and Cayeux ( 1 9 7 0 , p . 363) d e s c r i b e d t h e s t a g e s of a l t e r ­
a t i o n of o o l i t h s by d o l o m i t i z a t i o n . These p a r t i c l e s a r e p r e v a l e n t i n 
many r o c k s and f r e q u e n t l y a r e i n d i s t i n g u i s h a b l e from d o l o m i t i z e d 
p e l l e t s and s m a l l i n t r a c l a s t s ( f i g s . 6 a , 6 c ) . R a r e l y , t h e a l t e r e d 
o o l i t h s showed some r e m n a n t of c o n c e n t r i c s t r u c t u r e o r a n u c l e u s , b u t 
u n l e s s t h e y c o u l d be p o s i t i v e l y d i f f e r e n t i a t e d from o t h e r a g g r e g a t e s 
t h e y w e r e c o u n t e d as p e l l e t s . 
The c o n t r i b u t i o n of f e c a l p e l l e t i n g i n t h e Green R i v e r F o r m a t i o n 
i s unknown. T y p i c a l f e c a l p e l l e t s a r e o v o i d o r r o d - s h a p e , o r g a n i c - r i c h 
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and v e r y w e l l s o r t e d . P o s s i b l e f e c a l p e l l e t s i n t h e Green R i v e r Forma­
t i o n a r e some t imes w e l l s o r t e d , b u t r o d s h a p e s and o r g a n i c - r i c h p e l l e t s 
a r e uncommon. 
A l g a c l a s t s , - - A l g a c l a s t s a r e r a r e i n t h e t h i n s e c t i o n s , b u t a r e 
c o n s i d e r e d a s a s p e c i a l t y p e b e c a u s e of t h e i r d i s t i n c t o r i g i n . They 
a r e t h e main a g g r e g a t e t y p e i n o n l y two of 54 t h i n s e c t i o n s c o n t a i n i n g 
g r e a t e r t h a n 10 p e r c e n t a l l o c h e m s . A l g a c l a s t s have a c l o t t e d o r spongy 
t e x t u r e t h a t i s t h e r e s u l t of m i c r o c r y s t a l l i n e c a r b o n a t e f o r m i n g molds 
of t h e s o f t p a r t s of t h e o r i g i n a l spongy n e t w o r k of an a l g a l c o l o n y 
( f i g 6d) . The c l a s t s a r e d e r i v e d from e r o s i o n of t h e c o l o n y and a r e 
s i m i l a r t o a l g a e from t h e Green R i v e r F o r m a t i o n p i c t u r e d by B r a d l e y 
( 1 9 2 9 , p i . 34A and 3 4 B ) . 
0RTH0CHEMICAL CONSTITUENTS 
O r t h o c h e m i c a l c o n s t i t u e n t s i n c l u d e a l l p r e c i p i t a t e s formed w i t h i n 
t h e b a s i n of d e p o s i t i o n o r w i t h i n t h e r o c k i t s e l f and show l i t t l e o r 
n o e v i d e n c e of s i g n i f i c a n t t r a n s p o r t a t i o n o r a g g r e g a t i o n i n t o complex 
e n t i t i e s ( F o l k , 1968 , p . 1 ) . Only two o r t h o c h e m i c a l c o n s t i t u e n t s a r e 
v o l u m e t r i c a l l y i m p o r t a n t i n t h e Green R i v e r F o r m a t i o n ; m i c r o c r y s t a l l i n e 
c a r b o n a t e and s p a r r y c a r b o n a t e . Minor amounts of a u t h i g e n i c p y r i t e , 
m a r c a s i t e , i r o n o x i d e and s i l i c a cement a l s o a r e p r e s e n t . 
M i c r o c r y s t a l l i n e C a r b o n a t e 
M i c r o c r y s t a l l i n e c a r b o n a t e i n c l u d e s a l l c a l c i t e and d o l o m i t e 
g r a i n s l e s s t h a n 20 p,m d i a m e t e r . The t e r m s m i c r i t e , d o l o m i c r i t e , c a l c -
m i c r i t e , m i c r o s p a r and l ime mud a r e embraced by t h i s c a t e g o r y . M i c r o -
c r y s t a l l i n e c a r b o n a t e i n t h e Green R i v e r F o r m a t i o n commonly i s c a l c i t e 
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( c a l c m i c r i t e ) and d o l o m i t e ( d o l o m i c r i t e ) mixed i n v a r y i n g p r o p o r t i o n s . 
The mean g r a i n s i z e i n t e r v a l of m i c r o c r y s t a l l i n e c a r b o n a t e was e s t i m a t e d 
f o r 44 t h i n s e c t i o n s of d i f f e r e n t l i t h o l o g i e s by s c a n n i n g a t h i n edge 
of t h e s l i d e u n d e r h i g h m a g n i f i c a t i o n w i t h a g r i d d e d o c u l a r . S i z e 
i n t e r v a l s w e r e c h o s e n on t h e b a s i s of t h e s m a l l e s t r e g u l a r o c u l a r 
d i v i s i o n ( 2 . 5 ujn) . R e s u l t s ( f i g . 7) show t h a t t h e mean s i z e i n t e r v a l s 
a r e 2 . 5 - 5 . 0 j |m f o r c a l c i t e and 5 . 0 - 7 . 5 )im f o r d o l o m i t e . Neomorphism 
and d o l o m i t i z a t i o n of o r i g i n a l l y f i n e r - g r a i n e d c a r b o n a t e s e d i m e n t s a r e 
r e s p o n s i b l e f o r t h e " c o a r s e " g r a i n s i z e s . The m i c r i t e i s s u b t r a n s l u s c e n t 
and l i g h t brown i n p l a n e l i g h t . D o l o m i c r i t e forms s u b h e d r a l o r e u h e -
d r a l c r y s t a l s , w h e r e a s c a l c i t e forms b l o c k y a n h e d r a l c r y s t a l s . S o r t i n g 
of m i c r o c r y s t a l l i n e c a r b o n a t e g e n e r a l l y i s p o o r . Any one s l i d e u s u a l l y 
shows a l l s i z e i n t e r v a l s of m i c r o c r y s t a l l i n e c a r b o n a t e , and i t i s n o t 
uncommon f o r t h e s i z e r a n g e t o e x t e n d beyond t h e 20 jjm b o u n d a r y i n t o 
t h e s p a r r y c a r b o n a t e f i e l d . 
S p a r r y C a r b o n a t e 
A l l c a l c i t e and d o l o m i t e c r y s t a l s g r e a t e r t h a n 20 /Jim i n d i a m e t e r 
a r e s p a r r y c a r b o n a t e . S p a r r y c a r b o n a t e i s t h e r e s u l t of d i r e c t p r e ­
c i p i t a t i o n of c a l c i t e o r d o l o m i t e i n t o a c a v i t y o r i s t h e r e s u l t of 
neomorphism of a r a g o n i t e , c a l c m i c r i t e o r d o l o m i c r i t e t o s p a r r y c a r ­
b o n a t e ( F o l k , 19,65, p . 2 4 ) . I n t h e c a r b o n a t e r o c k s of t h e Green R i v e r 
F o r m a t i o n , s p a r i s t r a n s l u s c e n t and g e n e r a l l y forms a m o s a i c of e q u a n t , 
c o a r s e l y c r y s t a l l i n e ( . 2 5 - 4 . 0 mm) c a l c i t e c r y s t a l s whose c r y s t a l l o -
g r a p h i c o r i e n t a t i o n s show no o b v i o u s c o n t r o l by t h e s u b s t r a t e on wh ich 
t h e y g rew. A c c o r d i n g t o t h e c r i t e r i a f o r p o r e - f i l l i n g c a l c i t e cement 
p r e s e n t e d by B r i c k e r ( 1 9 7 1 , p . 149) , most s p a r i n t h e Green R i v e r 
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M E A N D I A M E T E R O F M I C R O -
C R Y S T A L L I N E C A R B O N A T E 
I N M I C R O N S 
F i g . 7 . G r a i n - s i z e a n a l y s i s of 44 s a m p l e s of m i c r o c r y s t a l l i n e 
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c a r b o n a t e r o c k s o r i g i n a t e d as a p a s s i v e , p o r e - f i l l i n g p r e c i p i t a t e . 
However , some neomorph ic s p a r r y c a l c i t e i s p r e s e n t i n t h e r o c k s . 
Neomorphic s p a r r y c a l c i t e i s i n d i c a t e d i n t h e t h i n s e c t i o n s by 
t h e p r e s e n c e of t e r r i g e n o u s g r a i n s and a l l o c h e m s s u s p e n d e d i n s p a r , 
r e p l a c e m e n t of m i c r i t e a l l o c h e m s by s p a r , g r a d a t i o n a l m i c r o c r y s t a l l i n e -
s p a r r y c a r b o n a t e t r a n s i t i o n s , and m i c r i t e and c l a y i n c l u s i o n s w i t h i n 
s p a r . I n c l u s i o n s a r e a b u n d a n t and r a n g e from s i n g l e 2 )xm g r a i n s t o 
100 jjm d i a m e t e r i r r e g u l a r p a t c h e s of m i c r i t e and c l a y . 
I r o n D i s u l f i d e and I r o n Oxide 
P y r i t e and m a r c a s i t e a r e common i n t h e Green R i v e r F o r m a t i o n . 
They h a v e s i m i l a r o c c u r r e n c e s and i t i s d i f f i c u l t t o d i s t i n g u i s h t h e 
two u n l e s s e u h e d r a l c r y s t a l s a r e p r e s e n t . T h e r e f o r e , p y r i t e and m a r c a ­
s i t e a r e d i s c u s s e d t o g e t h e r a s i r o n d i s u l f i d e . 
I r o n d i s u l f i d e o c c u r s a s s p h e r i c a l c l u s t e r s of a n h e d r a l c r y s t a l s , 
a s s e l e c t i v e r e p l a c e m e n t s of a l l o c h e m s , and a s r a n d o m l y d i s s e m i n a t e d 
s u b h e d r a l o r e u h e d r a l c r y s t a l s . The s p h e r i c a l mas se s a r e t h e l e a s t 
common o c c u r r e n c e . The masses a r e 1-3 mm i n d i a m e t e r and c o n t a i n 
u n r e p l a c e d r e l i c t s of s p a r r y c a l c i t e and q u a r t z . A l lochems o c c a s i o n a l l y 
a r e p a r t i a l l y o r t o t a l l y r e p l a c e d by i r o n d i s u l f i d e . The p y r i t e and 
m a r c a s i t e i n i t i a l l y form a l o n g t h e p e r i m e t e r s of t h e g r a i n and r e p l a c e ­
ment p r o c e e d s i n w a r d . The c r y s t a l s g e n e r a l l y form a s 1-5 urn a n h e d r a l 
g r a i n s , a l t h o u g h c r y s t a l s may b e a s l a r g e a s 150 jm. 
D i s s e m i n a t e d s i n g l e c r y s t a l s o r c l u s t e r s of s e v e r a l c r y s t a l s a r e 
t h e most common mode of o c c u r r e n c e of i r o n d i s u l f i d e . C r y s t a l s from 
1 t o 250 p,m i n d i a m e t e r a r e p r e s e n t , b u t g e n e r a l l y t h e c r y s t a l s a r e 
f rom 10 t o 25 Jim and s e l e c t i v e l y r e p l a c e m i c r o c r y s t a l l i n e c a r b o n a t e . 
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The p y r i t e and m a r c a s i t e i s e a r l y d i a g e n e t i c and p r o b a b l y formed 
a s a r e s u l t of t h e a c t i o n of a n a e r o b i c s u l f a t e - r e d u c i n g b a c t e r i a a s 
d e s c r i b e d by B e r n e r ( 1 9 7 0 , p . 2 1 - 2 2 ) . I r o n d i s u l f i d e c l e a r l y r e p l a c e d 
m i c r o c r y s t a l l i n e c a r b o n a t e and a l l o c h e m s . 
H e m a t i t e and g o e t h i t e ( ? ) pseudomorphs a f t e r p y r i t e and o t h e r 
F e - b e a r i n g m i n e r a l s a r e common i n some t h i n s e c t i o n s . H e m a t i t e - s t a i n e d 
s p a r r y c a l c i t e cement and d i s c r e t e a g g r e g a t e s of g o e t h i t e a l s o o c c u r . 
The i r o n o x i d e s a r e t h e r e s u l t of t h e a l t e r a t i o n of i r o n - b e a r i n g t e r r i g ­
enous and a u t h i g e n i c m i n e r a l s . 
TERRIGENOUS CONSTITUENTS 
T e r r i g e n o u s c o n s t i t u e n t s a r e t h o s e s u b s t a n c e s d e r i v e d from e r o s i o n 
o f a l a n d a r e a o u t s i d e t h e b a s i n of d e p o s i t i o n and c a r r i e d i n t o t h e 
b a s i n a s s o l i d s ( F o l k , 1968 , p . 1 ) . A l t h o u g h t h i s s t u d y i s p r i m a r i l y 
c o n c e r n e d w i t h t h e c a r b o n a t e c o m p o n e n t s , t h e admixed t e r r i g e n o u s f r a c ­
t i o n i s s i g n i f i c a n t and p r o v i d e s a d d i t i o n a l i n f o r m a t i o n f o r t h e i n t e r ­
p r e t a t i o n of t h e c a r b o n a t e r o c k s . G e n e r a l i z e d d e s c r i p t i o n s of t h e 
main t e r r i g e n o u s componen t s a r e g i v e n b e l o w . For a more c o m p l e t e 
d e s c r i p t i o n of t h e s a n d - s i z e t e r r i g e n o u s f r a c t i o n s e e P i c a r d ( 1 9 7 1 ) . 
Q u a r t z and F e l d s p a r 
Q u a r t z g r a i n s a r e a l m o s t e x c l u s i v e l y m o n o c r y s t a l l i n e . E x t i n c t i o n 
t y p e s were n o t c o u n t e d , b u t n o n u n d u l a t o r y and s l i g h t l y u n d u l a t o r y 
t y p e s a p p a r e n t l y a r e more a b u n d a n t t h a n u n d u l a t o r y t y p e s . The q u a r t z 
c o n t a i n s few v a c u o l e s o r m i c r o l i t e s . S e v e r a l t h i n s e c t i o n s c o n t a i n 
s i l i c a o v e r g r o w t h s on m o n o c r y s t a l l i n e q u a r t z g r a i n s . 
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F e l d s p a r i s t h e second most a b u n d a n t t e r r i g e n o u s component i n 
t h e r o c k s , b u t i t r a r e l y composes more t h a n f i v e p e r c e n t of t h e r o c k . 
X - r a y d i f f r a c t i o n d a t a and m i c r o s c o p i c o b s e r v a t i o n s i n d i c a t e t h e o r d e r 
of a b u n d a n c e of f e l d s p a r t y p e s i s o r t h o c l a s e ^ N a - p l a g i o c l a s e > m i c r o -
c l i n e . Un twinned p l a g i o c l a s e may c o n s t i t u t e a p o r t i o n of wha t was 
c o u n t e d a s o r t h o c l a s e . M i c r o c l i n e and p e r t h i t e a r e e x t r e m e l y r a r e . 
Rock F r a g m e n t s , Mica and C l a y s 
Q u a r t z i t e and c h e r t f r a g m e n t s a r e common, c h e r t b e i n g t h e more 
a b u n d a n t . Q u a r t z i t e and c h e r t t o g e t h e r can compose a s much a s 10 
p e r c e n t of some sandy c a r b o n a t e r o c k s ( f i g . 5 c ) . B i o t i t e , m u s c o v i t e 
and c h l o r i t e a r e r a r e i n t h e c a r b o n a t e r o c k s , n e v e r e x c e e d i n g two 
p e r c e n t . 
C l a y m i n e r a l s a r e found i n many of t h e c a r b o n a t e s , b u t g e n e r a l l y 
a r e m i c r o s c o p i c a l l y i n d i s t i n g u i s h a b l e from m i c r o c r y s t a l l i n e c a r b o n a t e . 
T h e r e f o r e , m i c r o c r y s t a l l i n e c a r b o n a t e and c l a y m i n e r a l s were c o u n t e d 
t o g e t h e r . I n s o l u b l e r e s i d u e and X - r a y d i f f r a c t i o n s t u d i e s of r e p r e s e n t ­
a t i v e l i t h o l o g i e s were c o n d u c t e d i n o r d e r t o a s c e r t a i n t h e a b u n d a n c e 
of c l a y m i n e r a l s . M i x e d - l a y e r m o n t m o r i l l o n i t e - i l l i t e and i l l i t e we re 
t h e o n l y two c l a y m i n e r a l s d e t e c t e d . I l l i t e i s t h e more common c l a y 
m i n e r a l . Baer ( 1 9 6 9 , p . 64) r e p o r t e d minor amounts of c h l o r i t e from 
t h e Green R i v e r F o r m a t i o n of t h e U i n t a B a s i n . 
PETROGRAPHY 
C l a s s i f i c a t i o n 
A m o d i f i e d v e r s i o n of F o l k ' s (1962) c a r b o n a t e c l a s s i f i c a t i o n i s 
u s e d i n t h i s s t u d y . I n a c c o r d a n c e w i t h F o l k ' s c l a s s i f i c a t i o n , c a r b o n a t e 
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used i  t is study. I  accordance ith l 's classificati , carbonate 
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r o c k s a r e t h o s e r o c k s composed of more t h a n 50 p e r c e n t c a r b o n a t e min ­
e r a l s ; r o c k s c o n t a i n i n g b e t w e e n 10 and 50 p e r c e n t t e r r i g e n o u s m a t e r i a l 
a r e s i l t y o r s andy c a r b o n a t e r o c k s d e p e n d i n g upon t h e mean s i z e of t h e 
t e r r i g e n o u s m a t e r i a l . Rocks c o n t a i n i n g g r e a t e r t h a n 50 p e r c e n t 
t e r r i g e n o u s m a t e r i a l a r e t e r r i g e n o u s r o c k s . The o n l y m o d i f i c a t i o n s of 
F o l k ' s c l a s s i f i c a t i o n u s e d i n t h i s s t u d y a r e : (1) m i c r o c r y s t a l l i n e 
c a r b o n a t e i n c l u d e s a l l c a r b o n a t e g r a i n s l e s s t h a n 20 4^m d i a m e t e r i n s t e a d 
o f t h e f o u r m i c r o n l i m i t c h o s e n by F o l k , and (2) F o l k ' s . 2 mm b o u n d a r y 
s e p a r a t i n g p e l l e t s from i n t r a c l a s t s i s n o t c o n s i d e r e d s i g n i f i c a n t f o r 
t h e s e r o c k s . I n t h i s s t u d y , f o r p u r p o s e s of g e n e r a l d i s c u s s i o n and 
d e p i c t i o n on t h e t e r n a r y p l o t s , a l l c a r b o n a t e r o c k s w i t h more t h a n 10 % 
a l l o c h e m s i n which m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s c o n s t i t u t e 
more t h a n 25 p e r c e n t of t h e a l l o c h e m s a r e c o l l e c t i v e l y r e f e r r e d t o a s 
a g g m i c r i t e o r a g g s p a r i t e . A l t h o u g h t h e s e a r e s l i g h t l y l e s s d e s c r i p t i v e 
t e r m s , t h e g r o u p i n g of i n t r a c l a s t s and p e l l e t s o b s c u r e s l i t t l e g e n e t i c 
i n f o r m a t i o n b e c a u s e many of t h e p e l l e t s and i n t r a c l a s t s h a v e s i m i l a r 
o r i g i n s . F u r t h e r s u b d i v i s i o n i n t o i n t r a m i c r i t e , i n t r a s p a r i t e , p e l -
m i c r i t e and p e l s p a r i t e b a s e d on t h e most a b u n d a n t t y p e of a g g r e g a t e 
p r e s e n t ( a l g a c l a s t s a r e i n c l u d e d w i t h i n t r a c l a s t s ) i s p o s s i b l e , b u t 
i s n o t deemed n e c e s s a r y f o r t h e p u r p o s e s of t h i s d i s c u s s i o n . 
D e s c r i p t i o n 
R e s u l t s of 131 modal a n a l y s e s a r e shown i n f i g s . 8 , 9 and 10 . 
The p o l e s of t h e t e r n a r y d i a g r a m s a r e t h e v a r i o u s p a r t i c l e t y p e s d e ­
f i n e d and d i s c u s s e d i n p r e v i o u s s e c t i o n s . T h i r t y - f i v e l a c u s t r i n e 
s a n d s t o n e modal a n a l y s e s from t h e Green R i v e r F o r m a t i o n ( P i c a r d , 1 9 7 1 , 
p . 5 ; P i c a r d and H i g h , 1972b, i n p r e s s ) we re p l o t t e d i n f i g u r e 8 w i t h 
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t h e c a r b o n a t e s i n o r d e r t o b e t t e r i l l u s t r a t e t h e t r a n s i t i o n a l 
n a t u r e of t h e t e r r i g e n o u s - c a r b o n a t e r o c k b o u n d a r y 
T a b l e 1 shows t h e f r e q u e n c y of o c c u r r e n c e of c a r b o n a t e l i t h o l o g i e s 
among t h e s a m p l e s . G e n e r a l i z e d f i e l d and m i c r o s c o p i c d e s c r i p t i o n s of 
t h e s e l i t h o l o g i c t y p e s a r e p r e s e n t e d b e l o w . 
S i l t y and Sandy S p a r i t e . — S i l t y and s andy s p a r i t e i s a r e l a t i v e l y 
common c a r b o n a t e r o c k t y p e i n t h e Green R i v e r F o r m a t i o n . I t i s 
g e n e r a l l y d i f f i c u l t i n t h e f i e l d t o d i s t i n g u i s h s i l t y and 
s a n d y s p a r i t e from c a l c a r e o u s s i l t s t o n e and s a n d s t o n e b e c a u s e t h e 
s p a r i t e i s t r a n s i t i o n a l w i t h t h e t e r r i g e n o u s r o c k s ( f i g . 8 ) . Most 
s i l t y and s a n d y s p a r i t e i s y e l l o w i s h g r a y (5Y 7 / 2 ) t o v e r y l i g h t 
g r a y (N 8 ) . The mos t common s t r a t i f i c a t i o n t y p e i s h o r i z o n t a l 
l a m i n a t i o n ; smal l - - and m e d i u m - s c a l e t r o u g h c r o s s - s t r a t i f i c a t i o n 
t y p e s a r e a l s o a b u n d a n t . B i f u r c a t i n g l i n e a r - a s y m m e t r i c a l m a r k s a r e 
found on b e d d i n g p l a n e s u r f a c e s and a few o u t c r o p s show r i p p l e -
s t r a t i f i c a t i o n . Sandy s p a r i t e u n i t s n o r m a l l y a r e be tween . 5 and 2 . 5 
m t h i c k , a l t h o u g h u n i t s a s t h i c k a s 9 . 5 m w e r e o b s e r v e d . C o n t a c t s of 
s p a r i t e u n i t s a r e g r a d a t i o n a l i n t o o v e r l y i n g and u n d e r l y i n g b e d s . 
S a n d s t o n e , s i l t s t o n e and o o l i t i c c a r b o n a t e r o c k s g e n e r a l l y a r e found 
i m m e d i a t e l y a b o v e and be low s p a r i t e . O s t r a c o d e b i o s p a r i t e may a l s o b e 
i n t e r b e d d e d w i t h s andy s p a r i t e and s a n d s t o n e . 
T e r r i g e n o u s g r a i n s i n s i l t y and sandy s p a r i t e s g e n e r a l l y 
r a n g e from . 0 5 t o . 5 mm d i a m e t e r and a r e s u b a n g u l a r and w e l l s o r t e d 
( f i g . 1 1 a ) . Zones o f 1 0 - 2 5 cm t h i c k c h e r t p e b b l e c o n g l o m e r a t e w i t h 
v e r t e b r a t e bone f r a g m e n t s and c l a y s t o n e c l a s t s a r e some t imes 
i n t e r b e d d e d w i t h sandy s p a r i t e and s a n d s t o n e . 
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TERRIGENOUS 
F i g . 8 . Modal a n a l y s e s of l a c u s t r i n e s a n d s t o n e and c a r b o n a t e r o c k s of t h e 
Green R i v e r and lower U i n t a F o r m a t i o n s . 
• sandstone 
• carbonate rock 
(2) number of samples 
if more than one 
N=131 
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silty and sandy micrite 
silty and sandy oomicrite 
silty and sandy aggmicrite 
silty and sandy sparite 
silty and sandy aggsparite 
silty and sandy biosparite 
N=38 
F i g . 9 . Modal a n a l y s e s of t h e c a r b o n a t e f r a c t i o n of s i l t y and sandy 
c a r b o n a t e r o c k s ( g r e a t e r t h a n 10 p e r c e n t t e r r i g e n o u s ) , Green R i v e r 
and lower U i n t a F o r m a t i o n s . 
ALLOCHEMS 
I I  ONAT[- CLAY 
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• Silty  s ndy 099 i llt 
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F i g . 10 . Modal a n a l y s e s of t h e c a r b o n a t e f r a c t i o n of l o w - t e r r i g e n o u s 
c a r b o n a t e r o c k s ( l e s s t h a n 10 p e r c e n t t e r r i g e n o u s ) , Green R i v e r and 
lower U i n t a F o r m a t i o n s . 
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T a b l e 1 . F r e q u e n c y of o c c u r r e n c e of l a c u s t r i n e c a r b o n a t e l i t h o l o g i e s 
f rom t h e Green R i v e r and lower U i n t a F o r m a t i o n s . 
L i t h o l o g i e s 
S i l t y and s a n d y s p a r i t e 
O o m i c r i t e and o o s p a r i t e 
o o m i c r i t e 
s i l t y and s a n d y o o m i c r i t e 
o o s p a r i t e 
s i l t y and s a n d y o o s p a r i t e 
A g g m i c r i t e and a g g s p a r i t e 
a g g m i c r i t e 
s i l t y and sandy a g g m i c r i t e 
a g g s p a r i t e 
s i l t y and sandy a g g s p a r i t e 
B i o m i c r i t e and b i o s p a r i t e 
b i o m i c r i t e 
s i l t y and s andy b i o m i c r i t e 
b i o s p a r i t e 
s i l t y and s andy b i o s p a r i t e 
M i c r i t e 
m i c r i t e 
S i l t y and sandy m i c r i t e 
Number of 















F r e q u e n c y of 
O c c u r r e n c e 
i n p e r c e n t 





6 . 5 
13 
3 
6 . 5 
12 
0 
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S p a r r y c a r b o n a t e composes from 38 t o 66 p e r c e n t of s i l t y and 
s a n d y s p a r i t e s , w h e r e a s q u a r t z , f e l d s p a r and o t h e r t e r r i g e n o u s 
g r a i n s compose o n l y 19 t o 48 p e r c e n t . I n many i n s t a n c e s s p a r r y c a r b ­
o n a t e c o m p l e t e l y s u r r o u n d s and i s o l a t e s t h e t e r r i g e n o u s g r a i n s 
( f i g s . 1 1 c , l i e ) . T h i s " f l o a t i n g " c e m e n t - s u p p o r t e d t e x t u r e p r o b a b l y 
formed by i n t e r p a r t i c l e e x p a n s i o n d u r i n g c e m e n t a t i o n and p a r t i a l 
r e p l a c e m e n t of q u a r t z and f e l d s p a r g r a i n s by s p a r r y c a r b o n a t e . 
S i m i l a r r e p l a c e m e n t t e x t u r e s h a v e been d e s c r i b e d by Walker ( 1 9 5 7 , 1 9 6 0 ) , 
J a c k a ( 1 9 7 0 ) , and D a p p l e s ( 1 9 7 1 ) . The anoma lous a n g u l a r i t y of t h e 
g r a i n s i n t h e w e l l - s o r t e d s a n d s t o n e i s a t t r i b u t e d t o g r a i n b o u n d a r y 
i r r e g u l a r i t i e s c a u s e d by impingement of c a r b o n a t e c e m e n t . I n many 
g r a i n s , t h e o r i g i n a l g r a i n o u t l i n e i s f a i n t l y p r e s e r v e d i n t h e 
r e p l a c i n g c a r b o n a t e c e m e n t . 
A l l o c h e m s compose l e s s t h a n 10 p e r c e n t of t h e s i l t y and s a n d y 
s p a r i t e s ( f i g . 9) and a r e of a l l t y p e s . L a y e r s of i m b r i c a t e d s a n d -
and g r a v e l - s i z e a l g a l f r a g m e n t s a r e p a r t i c u l a r l y c h a r a c t e r i s t i c 
o f s andy s p a r i t e . 
O o m i c r i t e and O o s p a r i t e . — O n l y one sample of o o m i c r i t e and 
o o s p a r i t e i s a s i l t y o r s andy c a r b o n a t e r o c k . A l l o t h e r o o m i c r i t e s 
and o o s p a r i t e s a r e low i n t e r r i g e n o u s c o n t e n t and h a v e h i g h p r o p o r t i o n s 
of a l l o c h e m s r e l a t i v e t o m i c r i t e m a t r i x and s p a r cement ( f i g . 1 0 ) . 
O o s p a r i t e u n i t s a r e a few c e n t i m e t e r s t o s i x m e t e r s t h i c k , b u t 
n o r m a l l y a r e . 6 t o . 9 m t h i c k and form r e s i s t a n t l e d g e s t h a t c a n b e 
t r a c e d l a t e r a l l y f o r a m i l e o r m o r e . S t r a t i f i c a t i o n i s i n d i s t i n c t i n 
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F i g . 1 1 . P h o t o m i c r o g r a p h s of s a n d y s p a r i t e and m i c r i t e 
A. C e m e n t - s u p p o r t e d sandy s p a r i t e . T h i s t h i n s e c t i o n i s a b o u t 
48 p e r c e n t s p a r and 44 p e r c e n t q u a r t z and f e l d s p a r g r a i n s . 
Spar i s d a r k due to s t a i n i n g . P l a n e l i g h t . 
B . M u d - s u p p o r t e d s i l t y m i c r i t e . Sma l l d a r k s p o t s a r e p o r e 
s p a c e s . P l a n e l i g h t . 
C. C e m e n t - s u p p o r t e d " f l o a t i n g " t e x t u r e i n s andy s p a r i t e . No te 
t h e a n g u l a r q u a r t z and f e l d s p a r g r a i n s . C r o s s e d n i c o l s . 
D. M u d - s u p p o r t e d m i c r i t e showing t y p i c a l c l o t t e d o r " g r u m o u s " 
t e x t u r e . P l a n e l i g h t . 
E . High m a g n i f i c a t i o n of f i g . 1 1 c showing c a r b o n a t e r e p l a c e ­
ment of t e r r i g e n o u s g r a i n s and c o n s e q u e n t i r r e g u l a r i t i e s i n 
g r a i n p e r i p h e r i e s . C r o s s e d n i c o l s . 
F . High m a g n i f i c a t i o n of f i g . l i d . The c l o t t i n g i s c a u s e d by 
d i f f e r e n t c r y s t a l s i z e s of c a l c i t e . D o l o m i t e and c l a y com­
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o o s p a r i t e w i t h l a r g e o o l i t h s ( > 1 mm) ; r o c k s w i t h s m a l l e r o o l i t h s 
u s u a l l y a r e m i c r o - c r o s s - l a m i n a t e d ( c f . H a m b l i n , 1 9 6 1 ) . M a s s i v e s t r u c ­
t u r e l e s s o o s p a r i t e c a n h a v e i n t e r c a l a t i o n s of uneven h o r i z o n t a l l a m i ­
n a t i o n s d e v e l o p e d by a l g a l m a t s . L i n e a r a s y m m e t r i c and i n t e r f e r e n c e 
r i p p l e marks w i t h c o n c e n t r a t i o n s of o o l i t h s on t h e c r e s t s a r e common. 
O o s p a r i t e and o o m i c r i t e i s d a r k y e l l o w i s h o r a n g e (10YR 6 /6 ) t o v e r y 
p a l e o r a n g e (10YR 9 / 2 ) . O o s p a r i t e i s i n t e r b e d d e d w i t h w e l l - s o r t e d 
s a n d s t o n e , s i l t s t o n e and sandy s p a r i t e , and commonly g r a d e s upward 
i n t o a l g a l b i o l i t h i t e . O o m i c r i t e i s l e s s common, and g e n e r a l l y i s 
a s s o c i a t e d w i t h h o r i z o n t a l l y - l a m i n a t e d c l a y s t o n e and m i c r i t e . 
The p r o p o r t i o n of o o l i t h - b e a r i n g r o c k s t h a t a r e o o m i c r i t e s i s m i s ­
l e a d i n g i n t h e s e n s e t h a t some of t h e o o m i c r i t e s were o o s p a r i t e s 
p r i o r t o d i a g e n e s i s . These r o c k s a r e d o l o m i t i z e d and e x t r e m e l y p o r ­
o u s . Coun t s of p o r o s i t y i n t h i n s e c t i o n a r e a s h i g h as 29 p e r c e n t . 
V e s t i g e s of p o r e - f i l l i n g s p a r r y c a l c i t e cement r e m a i n , b u t n e a r l y a l l 
cement h a s b e e n removed by m e t e o r i c w a t e r d i s s o l u t i o n . Much of t h e 
m i c r i t e r e c o r d e d i n t h e modal a n a l y s e s c o n s i s t s of d o l o m i t i z e d o o l i t h s 
whose g r a i n b o u n d a r i e s h a v e b e e n o b s c u r e d beyond r e c o g n i t i o n . O o l i t h s 
f l o a t i n g i n a " t r u e " m i c r i t e m a t r i x do o c c u r however ( f i g . 5 a ) , and 
p r o v i d e e v i d e n c e of t r a n s p o r t a t i o n of o o l i t h s i n t o a lower e n e r g y 
e n v i r o n m e n t . T h e s e r o c k s h a v e a m u d - s u p p o r t e d t e x t u r e , a r e l e s s p o r o u s , 
and c o n s e q u e n t l y h a v e b e e n l e s s s u b j e c t t o d i a g e n e t i c e f f e c t s . A l l 
o t h e r o o s p a r i t e s and o o m i c r i t e s have g r a i n - s u p p o r t e d t e x t u r e s and low 
t e r r i g e n o u s a d m i x t u r e s ( 0 - 1 9 p e r c e n t ) . A l g a l and o s t r a c o d e f r a g m e n t s 
and m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s a r e t h e most f r e q u e n t l y 
a s s o c i a t e d a l l o c h e m s . O s t r a c o d e s and a l g a l f r a g m e n t s t o g e t h e r may 
compose up t o 19 p e r c e n t of t h e r o c k . 
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B i o m i c r i t e and B i o s p a r i t e . - - B i o s p a r i t e and mos t b i o m i c r i t e h a s a 
g r a i n - s u p p o r t e d t e x t u r e . A l g a l f r a g m e n t s and o s t r a c o d e s a r e t h e mos t 
a b u n d a n t f o s s i l s i n b i o m i c r i t e and b i o s p a r i t e ; g a s t r o p o d b i o m i c r i t e 
i s a b u n d a n t o n l y a t t h e b a s e of t h e f o r m a t i o n . T e r r i g e n o u s m a t e r i a l 
composes o v e r 25 p e r c e n t of many b i o s p a r i t e s b u t does n o t exceed 10 
p e r c e n t i n any of t h e b i o m i c r i t e s a m p l e s . 
The mos t common t y p e of b i o s p a r i t e i s p a l e o r a n g e (10YR 7 /6 ) 
t o g r a y i s h o r a n g e (10YR 7 /4) a l g a l and o s t r a c o d e b i o s p a r i t e ( f i g s . 
4 a , 4 c , 4 d ) . O s t r a c o d e s commonly a r e so a b u n d a n t t h a t t h e y form a 
c o q u i n a w i t h no v i s i b l e s t r a t i f i c a t i o n e x c e p t f o r zones of u n e v e n l y 
l a m i n a t e d a l g a l s t r o m a t o l i t e . A l g a l and o s t r a c o d e b i o s p a r i t e u n i t s 
g e n e r a l l y a r e from .6 t o 2 m t h i c k and a r e c o n f o r m a b l e w i t h a d j a c e n t 
r o c k s . Along Raven R idge b i o s p a r i t e i s i n t e r b e d d e d w i t h s a n d s t o n e 
and s andy s p a r i t e . I n t h e b l a c k s h a l e f a c i e s a t I n d i a n Canyon, b i o ­
s p a r i t e i s i n t e r b e d d e d w i t h c a r b o n a c e o u s c l a y s t o n e , m i c r i t e and b i o ­
m i c r i t e ( f i g . 12) . V a s c u l a r p l a n t f o s s i l s a r e found i n b i o s p a r i t e and 
b i o m i c r i t e a t I n d i a n Canyon. 
O s t r a c o d e and a l g a l b i o s p a r i t e s a r e c l e a n l y w a s h e d , g r a i n - s u p p o r t e d 
r o c k s whose a l l o c h e m s show e v i d e n c e of t r a n s p o r t a t i o n and a b r a s i o n . 
O s t r a c o d e c a r a p a c e s g e n e r a l l y a r e d i s a r t i c u l a t e d and a l g a l f r a g m e n t s 
a r e b r o k e n t o s a n d - or s i l t - s i z e p a r t i c l e s . T h e r o c k s c o n t a i n l i t t l e 
m i c r i t e ( 0 - 9 p e r c e n t ) and few a l l o c h e m s o t h e r t h a n f o s s i l s . T e r r i g e ­
nous m a t e r i a l composes up t o 47 p e r c e n t of t h e s i l t y and sandy b i o ­
s p a r i t e . None of t h e s i l t y or sandy b i o s p a r i t e c o n t a i n s o v e r e i g h t 
p e r c e n t f o s s i l s w h e r e a s l o w - t e r r i g e n o u s b i o s p a r i t e c o n t a i n s from 36 
t o 68 p e r c e n t f o s s i l s . E i g h t y - n i n e p e r c e n t of t h e b i o s p a r i t e s c o n t a i n 
b o t h a l g a l and o s t r a c o d e f r a g m e n t s . 
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F i g . 1 2 . B lack s h a l e f a c i e s a t I n d i a n Canyon. Lowermost l i g h t -
c o l o r e d u n i t i s o s t r a c o d e b i o s p a r i t e c o n t a i n i n g t h i n s t r i n g e r s of a l g a l 
s t r o m a t o l i t e . D a r k e r , more s h a l y r o c k s above a r e c a r b o n a c e o u s c l a y e y 
b i o m i c r i t e , m i c r i t e and c a l c a r e o u s c l a y s t o n e . 
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B i o m i c r i t e g e n e r a l l y i s much d a r k e r t h a n b i o s p a r i t e . A l g a l and 
o s t r a c o d a l b i o m i c r i t e u s u a l l y a r e o l i v e b l a c k (5Y 2 /1 ) o r dusky 
y e l l o w i s h brown (10YR 2 / 2 ) . G a s t r o p o d b i o m i c r i t e i s medium g r a y 
(N 5) o r s l i g h t l y d a r k e r . 
B i o m i c r i t e i s e s p e c i a l l y common i n t h e b l a c k s h a l e f a c i e s a t 
I n d i a n Canyon where i t i s i n t e r b e d d e d w i t h e v e n l y - l a m i n a t e d c l a y -
s t o n e , m i c r i t e and b i o s p a r i t e . G a s t r o p o d a l b i o m i c r i t e exposed a l o n g 
Raven R i d g e i s l i m i t e d t o t h e b a s a l few m e t e r s of t h e Green R i v e r F o r ­
m a t i o n . At I n d i a n Canyon and o t h e r e x p o s u r e s i n t h e U i n t a B a s i n , 
g a s t r o p o d b i o m i c r i t e ( f i g . 4 f ) a p p a r e n t l y i s r e s t r i c t e d t o t h e b a s a l 
p a r t of t h e f o r m a t i o n ( b l a c k s h a l e f a c i e s and lower D o u g l a s C r e e k Mem­
b e r ) . B i o m i c r i t e a t Raven R i d g e has no a p p a r e n t s t r a t i f i c a t i o n or 
s e d i m e n t a r y s t r u c t u r e s , i s from 9 t o 65 cm t h i c k , and i s i n t e r b e d d e d 
w i t h s a n d s t o n e , s i l t s t o n e and o s t r a c o d e b i o s p a r i t e . B i o m i c r i t e of t h e 
b l a c k s h a l e f a c i e s i s t h i n l y l a m i n a t e d and q u i t e f i s s i l e . 
F o s s i l s i n b i o m i c r i t e g e n e r a l l y a r e b e t t e r p r e s e r v e d t h a n t h o s e 
i n b i o s p a r i t e . O s t r a c o d e s a r e a r t i c u l a t e d , w h o l e g a s t r o p o d s a r e common, 
and s i n g l e , a l g a l p l a t e s may b e l o n g e r t h a n t h e l e n g t h of t h e s l i d e . 
Most b i o m i c r i t e i s m u d - s u p p o r t e d ; some a l g a l b i o m i c r i t e s a r e g r a i n -
s u p p o r t e d . 
A g g m i c r i t e and A g g s p a r i t e . - - T e r r i g e n o u s s i l t and sand g r a i n s a r e 
p r e s e n t i n amounts g r e a t e r t h a n t e n p e r c e n t i n more t h a n o n e - h a l f of 
a l l a g g m i c r i t e and a g g s p a r i t e ( t a b l e 1 ) . I n s i l t y and sandy a g g m i c r i t e 
and a g g s p a r i t e , p e l l e t s g e n e r a l l y a r e t h e most a b u n d a n t a g g r e g a t e and 
a r e c o m p a r a b l e i n s i z e t o t h e t e r r i g e n o u s g r a i n s . L o w - t e r r i g e n o u s 
a g g m i c r i t e s and a g g s p a r i t e s a r e an e x t r e m e l y h e t e r o g e n o u s g r o u p of 
r o c k s t h a t r a n g e from w e l l s o r t e d , g r a i n - s u p p o r t e d a g g s p a r i t e ( f i g . 6e) 
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F i g . 1 4 . L i g h t - c o l o r e d m i c r i t e and c h a r o p h y t e b i o m i c r i t e e v e n l y i n t e r ­
bedded w i t h n e a r s h o r e - s h o r e l i n e l a c u s t r i n e s a n d s t o n e . S a n d s t o n e and 
l i m e s t o n e f a c i e s , lower U i n t a F o r m a t i o n , I n d i a n Canyon. 
Fig . 13. Micro - cross -lamination in aggmic rite. 
are photomicrographs of this samp l e . Sca l e bar 
Fi gs . 68 and 
l ength is 2 em. 
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t o p o o r l y , s o r t e d , m u d - s u p p o r t e d a g g m i c r i t e ( f i g . 6 f ) . 
A g g m i c r i t e g e n e r a l l y i s l i g h t g r a y i s h o r a n g e (10YR 8 /4) o r l i g h t 
y e l l o w i s h g r a y (5Y 9 / 1 ) . M i c r o - c r o s s - l a m i n a t i o n ( f i g . 13) and wavy 
o r h o r i z o n t a l l a m i n a t i o n a r e t h e most common s t r a t i f i c a t i o n t y p e s i n 
a g g m i c r i t e . H o r i z o n t a l l a m i n a e of m o d e r a t e l y s o r t e d s u b a r k o s i c f i n e ­
g r a i n e d s a n d s t o n e a l t e r n a t i n g w i t h l a m i n a e of p e l l e t - s u p p o r t e d aggmi ­
c r i t e a r e found i n many sandy a g g m i c r i t e t h i n s e c t i o n s . S i l t y and 
s a ndy a g g m i c r i t e w i t h i n t r a c l a s t s a s t h e main t y p e of a l l o c h e m s g e n ­
e r a l l y a r e p o o r l y s o r t e d , t e n d to c o n t a i n s u b e q u a l m i x t u r e s of m i c r i t e 
and s p a r , and h a v e i n d i s t i n c t s t r a t i f i c a t i o n . The l a r g e r c l a s t s a r e 
w h i t e (N 9) d o l o m i t e , p l a n a r o r s l i g h t l y c o n v e x , commonly a r e i m b r i ­
c a t e d and o c c u r a s c o n g l o m e r a t i c l a y e r s 5 t o 25 cm t h i c k w i t h i n s a n d ­
s t o n e , sandy s p a r i t e and o o m i c r i t e . 
L o w - t e r r i g e n o u s a g g m i c r i t e c o n t a i n s m o d e r a t e l y s o r t e d p e l l e t s , 
some of which a r e d o l o m i t i z e d o o l i t h s . These s m a l l c l a s t s a r e d i f f i ­
c u l t t o m a c r o s c o p i c a l l y d i s t i n g u i s h from o t h e r g r a i n s ( o o l i t h s and 
t e r r i g e n o u s s i l t and s a n d ) . I n a g g m i c r i t e w i t h a m u d - s u p p o r t e d t e x ­
t u r e t h e c l a s t s a r e m a c r o s c o p i c a l l y i n d i s t i n g u i s h a b l e from m i c r i t e . 
Most a g g m i c r i t e , howeve r , h a s a g r a i n - s u p p o r t e d t e x t u r e and h i g h i n t e r 
p a r t i c l e p o r o s i t y ( f i g . 6 a , 6 c ) . S e v e r a l o u t c r o p s show t r a c e s of 
o i l - i m p r e g n a t i o n . 
S i l t y and s andy a g g s p a r i t e i s i n t e r b e d d e d w i t h s i l t s t o n e , s a n d ­
s t o n e , sandy s p a r i t e and o o s p a r i t e . The m i c r o c r y s t a l l i n e c a r b o n a t e 
a g g r e g a t e s i n a g g s p a r i t e a r e r o u n d e d , t i g h t l y packed s i l t - , s a n d -
and g r a v e l - s i z e c l a s t s of m i c r i t e and s i l t y m i c r i t e . The r o c k s g e n e r ­
a l l y a r e y e l l o w i s h g r a y (5Y 8/1) t o l i g h t g r a y (N 7) . D i s c o n t i n u o u s 
l i g h t - c o l o r e d c a r b o n a t e - r i c h l a m i n a e i n t e r c a l a t e d w i t h t e r r i g e n o u s -
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r i c h l a y e r s a c c e n t u a t e t h e wavy l a m i n a t i o n and m i c r o - c r o s s - s t r a t i f i c a t i o n 
of t h e s i l t y and sandy a g g s p a r i t e . A g g r e g a t e s i n s i l t y and sandy 
a g g s p a r i t e r a n g e from v e r y p o o r l y s o r t e d t o w e l l - s o r t e d . C o n g l o m e r a t i c 
p o o r l y s o r t e d s a n d y a g g m i c r i t e i s i n t e r b e d d e d w i t h s a n d s t o n e and s andy 
c a r b o n a t e r o c k s ; w e l l - s o r t e d s i l t - and s a n d - s i z e a g g r e g a t e s s e p a r a t e d 
by s p a r cement and p o r e s p a c e a r e i n t e r b e d d e d w i t h o o m i c r i t e , o o s p a r i t e , 
b i o s p a r i t e and s andy s p a r i t e . 
L o w - t e r r i g e n o u s a g g s p a r i t e i s much l e s s common t h a n s i l t y and sandy 
a g g s p a r i t e . A g g s p a r i t e h a s a g r a i n - s u p p o r t e d t e x t u r e and a g g r e g a t e s 
a r e w e l l - r o u n d e d and m o d e r a t e l y t o w e l l - s o r t e d . A few a g g r e g a t e s a r e 
s a n d - and s i l t - s i z e d o l o m i t i z e d o o l i t h s , h o w e v e r , many c l a s t s a r e 
i r r e g u l a r s h a p e d o r p l a n a r . A g g s p a r i t e s a r e r e l a t i v e l y f r e e of m i c r i t e 
( f i g . 10) and a r e v e r y p o r o u s . U n i t s a r e . 3 t o 1.1 m t h i c k and g e n ­
e r a l l y a r e t r o u g h c r o s s - s t r a t i f i e d or show no s t r a t i f i c a t i o n a t a l l . 
S c a t t e r e d a l g a l f r a g m e n t s and s t r i n g e r s of a l g a l s t r o m a t o l i t e a r e some­
t i m e s a s s o c i a t e d w i t h a g g s p a r i t e . 
M i c r i t e . — T h i r t y - s e v e n p e r c e n t of t h e modal a n a l y s e s a r e m i c r i t e 
and sandy o r s i l t y m i c r i t e . M i c r i t e r a n g e s i n c o l o r from o l i v e b l a c k 
(5Y 2 /1 ) t o w h i t e (N 9) . Most m i c r i t e i s v e r y l i g h t g r a y (N 8) o r 
p i n k i s h t o y e l l o w i s h g r a y (5YR 8 / 1 t o 5Y 8 / 1 ) . The l i g h t c o l o r e d 
m i c r i t e i s c o n s p i c u o u s i n o u t c r o p ( f i g . 14) and b r e a k s w i t h a d i s t i n c ­
t i v e s u b c o n c h o i d a l f r a c t u r e . T h i c k n e s s e s of m i c r i t e u n i t s r a n g e from 
. 3 t o 8 m, b u t s e ldom exceed 2 m. F a i n t t h i n h o r i z o n t a l l a m i n a e a r e 
v i s i b l e i n some m i c r i t e s , b u t many do n o t show any s t r a t i f i c a t i o n . 
S i l t y and s a n d y m i c r i t e commonly h a s w i spy d i s c o n t i n u o u s l a m i n a e of 
m i c r i t e i n t e r c a l a t e d w i t h t e r r i g e n o u s s i l t g r a i n s . S m a l l - s c a l e l ow-
a n g l e p l a n a r c r o s s - s t r a t i f i c a t i o n i s common. C h e r t n o d u l e s , s y n e r e s i s 
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c r a c k s , d e s s i c a t i o n c r a c k s and s a l t c r y s t a l molds a r e l o c a l l y a b u n d a n t 
i n m i c r i t e of t h e s a l i n e f a c i e s a t I n d i a n Canyon. D e s s i c a t i o n c r a c k s 
a r e found i n m i c r i t e from s e v e r a l o t h e r members and f a c i e s . 
I _ • ' • 
M i c r i t e i s a s s o c i a t e d w i t h a w i d e a r r a y of l i t h o l o g i e s i n t h e Green 
R i v e r and l o w e r U i n t a F o r m a t i o n s . G r e e n i s h g r a y c a l c a r e o u s c l a y s t o n e 
and s i l t s t o n e , d a r k c a l c a r e o u s c a r b o n a c e o u s c l a y s t o n e and m u d s t o n e , 
s i l i c e o u s t u f f and o i l s h a l e , and b i o m i c r i t e and o o m i c r i t e a r e t h e 
most common i n t e r b e d d e d l i t h o l o g i c t y p e s . G r a y i s h o r a n g e , f i n e - g r a i n e d 
b i o t i t e - r i c h s a n d s t o n e i s r e g u l a r l y i n t e r b e d d e d w i t h l i g h t c o l o r e d 
m i c r i t e i n t h e s a n d s t o n e and l i m e s t o n e f a c i e s of t h e lower U i n t a Forma­
t i o n ( f i g . 1 4 ) . 
S i l t y m i c r i t e i s much more a b u n d a n t t h a n s andy m i c r i t e . S i l t y 
m i c r i t e h a s a m u d - s u p p o r t e d t e x t u r e and a s u b a n g u l a r , p o o r l y s o r t e d 
t e r r i g e n o u s f r a c t i o n ( f i g . l i b ) . M i c r o c r y s t a l l i n e c a r b o n a t e a g g r e ­
g a t e s ( p e l l e t s ) and c h a r o p h y t e f r a g m e n t s a r e t h e o n l y a b u n d a n t a l l o ­
chems i n t h e m i c r i t e s . Neomorphic s p a r r y c a l c i t e i s p r e s e n t i n i r r e g u ­
l a r p a t c h e s t h a t a r e t r a n s i t i o n a l w i t h m i c r i t e . The n e o m o r p h i c s p a r 
composes up t o 20 p e r c e n t of t h e r o c k . 
Most m i c r i t e s d i s p l a y a c l o t t e d (grumous) m i c r o s c o p i c t e x t u r e 
( f i g . l i d , l l f ) , D i f f u s e l y b o r d e r e d , l i g h t b rown, m i c r o c r y s t a l l i n e 
c a r b o n a t e c l o t s , u s u a l l y be tween 30 and 100 ^m i n d i a m e t e r , a r e s e p ­
a r a t e d by c l e a r e r , s l i g h t l y c o a r s e r m i c r i t e o r by v a g u e l y d e f i n e d 
p o r e s . S i m i l a r grumous t e x t u r e s a r e common i n f i n e - g r a i n e d m a r i n e c a r ­
b o n a t e s . Cayeux ( 1 9 7 0 , p . 289) a t t r i b u t e d such t e x t u r e s t o p a r t i a l 
i n c i p i e n t r e c r y s t a l l i z a t i o n of s u r r o u n d i n g c a l c i u m c a r b o n a t e . The 
r e a s o n f o r s e l e c t i v e r e c r y s t a l l i z a t i o n i s n o t c l e a r . C a r o z z i ( 1 9 6 0 , 
p . 2 1 0 ) s t a t e d t h a t p a r t i a l r e c r y s t a l l i z a t i o n may b e c a u s e d by an o r i g i n a l 
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Micrite is associated with a wide array of lithologies in the Green 
River and lower Uinta Formations. Greenish gray calcareous claystone 
and siltstone, dark calcareous carbonaceous claystone and mudstone, 
siliceous tuff and oil shale, and biomicrite and oomicrite are the 
most common interbedded lithologic types. Grayish orange, fine-grained 
biotite-rich sandstone is regularly interbedded with light colored 
micrite in the sandstone and limestone facies of the lower Uinta Forma-
tion (fig. 14). 
Silty micrite is much more abundant than sandy micrite. Silty 
micrite has a mud-supported texture and a subangular, poorly sorted 
terrigenous fraction (fig. lIb). Microcrystalline carbonate aggre-
gates (pellets) and charophyte fragments are the only abundant allo-
chems in the micrites. Neomorphic sparry calcite is present in irregu-
lar patches that are transitional with micrite. The neomorphic spar 
composes up to 20 percent of the rock. 
Most micrites display a clotted (grumous) microscopic texture 
(fig. lId, Ilf), Diffusely bordered, light brown, microcrystalline 
carbonate clots, usually between 30 and 100 ~m in diameter, are sep-
arated by clearer, slightly coarser micrite or by vaguely defined 
pores. Similar grumous textures are common in fine-grained marine car-
bonates. Cayeux (1970, p. 289) attributed such textures to partial 
incipient recrystallization of surrounding calcium carbonate. The 
reason for selective recrystallization is not clear. Carozzi (1960, 
p.210) stated that partial recrystallization may be caused by an original 
44 
a d m i x t u r e of a r a g o n i t e i n t h e c a l c a r e o u s mud. A s econd h y p o t h e s i s 
f o r t h e c l o t t e d t e x t u r e ( H a d d i n g , 1958 , c i t e d by C a r o z z i , 1960 , p . 210) 
c o n s i d e r e d t h e c l o t s t o be p r i m a r y a l g a l d e p o s i t s . The c l o t t e d t e x t u r e 
of p r i m a r y a l g a l d e p o s i t s i s w e l l i l l u s t r a t e d by a g g r e g a t e s and a l g a l 
c r u s t s from t h e Green R i v e r F o r m a t i o n , b u t a l g a e i s n o t r e s p o n s i b l e 
f o r t h e c l o t t i n g t h a t i s p r e v a l e n t i n so many m i c r i t e s from t h e Green 
R i v e r F o r m a t i o n . The t e x t u r e i s s e c o n d a r y i n o r i g i n , c a u s e d by p a r t i a l 
p e r v a s i v e neomorphism and a c c e n t u a t e d by s e l e c t i v e d o l o m i t i z a t i o n . 
F i f t e e n s a m p l e s of m i c r i t i c c a r b o n a t e r o c k s w e r e t r e a t e d f o r i n ­
s o l u b l e r e s i d u e s . I n o n l y t h r e e s a m p l e s was t h e c l a y c o n t e n t g r e a t e r 
t h a n 15 p e r c e n t , t h e maximum b e i n g 28 p e r c e n t of t h e e n t i r e r o c k . 
Learner (1960) t r e a t e d 20 s a m p l e s of m i c r i t i c c a r b o n a t e r o c k s from t h e 
Green R i v e r F o r m a t i o n and a l s o found r e l a t i v e l y s m a l l amounts of c l a y 
(28 p e r c e n t maximum). C e r t a i n l y some of t h e m i c r i t e examined i n t h i s 
s t u d y s h o u l d more p r o p e r l y be t e rmed " c l a y e y m i c r i t e . " I f a more d i r ­
e c t e d s a m p l i n g p rog ram and i n s o l u b l e r e s i d u e s t u d y w e r e c o n d u c t e d t o 
d e t e r m i n e c l a y - m i c r o c r y s t a l l i n e c a r b o n a t e m i x t u r e s , i t i s l i k e l y t h a t 
a c o m p l e t e t r a n s i t i o n b e t w e e n t h e two would b e f o u n d . 
A l g a l B i o l i t h i t e . - - O r g a n i c s t r u c t u r e s t h a t grow i n p l a c e and form 
a c o h e r e n t r e s i s t a n t mass d u r i n g g rowth a r e c a l l e d b i o l i t h i t e s ( F o l k , 
1962 , p . 69) . A l g a l b i o l i t h i t e i s t h e o n l y t y p e of b i o l i t h i t e found 
i n t h e Green R i v e r F o r m a t i o n . Two p r i n c i p a l modes of o c c u r r e n c e of a l g a l 
b i o l i t h i t e a r e r e c o g n i z e d : (1) u n d u l a t i n g o r m o u n d l i k e b i o s t r o m a l 
a l g a l s t r o m a t o l i t e mats ( f i g s . 1 5 , 16 , 1 7 ) , and (2) s p h e r o i d a l t o 
e l l i p s o i d a l a l g a l h e a d s j o i n e d t o g e t h e r t o form b i o h e r m a l r e e f s 
( f i g s . 1 8 , 1 9 ) . 
Logan and o t h e r s ( 1 9 6 4 , p . 69) d e f i n e d a l g a l s t r o m a t o l i t e a s : 
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" . . . l a m i n a t e d s t r u c t u r e s composed of p a r t i c u l a t e s a n d , 
s i l t , and c l a y - s i z e s e d i m e n t , which h a v e b e e n formed by 
t h e t r a p p i n g and b i n d i n g of d e t r i t a l s e d i m e n t p a r t i c l e s 
by an a l g a l f i l m . " 
They e m p h a s i z e d t h e d i s t i n c t i o n be tween f o s s i l a l g a e ( p r e s e r v e d , 
r e c o g n i z a b l e s t r u c t u r e , s u c h a s c e l l w a l l s and r e p r o d u c t i v e o r g a n s ) 
and a l g a l s t r o m a t o l i t e s t h a t g e n e r a l l y do n o t e x h i b i t s u c h f e a t u r e s . 
None of t h e a l g a l s t r o m a t o l i t e s c o n t a i n f o s s i l a l g a e , t h u s t h e i r a l g a l 
o r i g i n must be i n f e r r e d by a n a l o g y w i t h r e c e n t and a n c i e n t a l g a l c a r b o n ­
a t e s . 
The s t r o m a t o l i t e s a r e t h e LLH t y p e , l a t e r a l l y l i n k e d h e m i s p h e r -
o i d s (Logan and o t h e r s , 1 9 6 4 ) . Both LLH-C and LLH-S t y p e s abound d e ­
p e n d i n g upon w h e t h e r t h e s p a c e b e t w e e n t h e h e m i s p h e r o i d s i s l e s s 
(LLH-C) o r g r e a t e r (LLH-S) t h a n t h e d i a m e t e r of t h e h e m i s p h e r o i d . 
V e r t i c a l l y s t a c k e d h e m i s p h e r o i d s (SH-C) a r e l e s s common ( f i g . 1 7 ) . 
I n d i v i d u a l l a m i n a e se ldom a c h i e v e a v e r t i c a l r e l i e f of o v e r 20 cm. 
The s t r o m a t o l i t e s v a r y i n s i z e , r a n g i n g from l e s s t h a n a c e n t i m e t e r 
( f i g . 3) t o .75 m t h i c k . They o c c u r as i s o l a t e d s t r i n g e r s i n o o l i t i c , 
p i s o l i t i c and o s t r a c o d a l l i m e s t o n e , o r a s d i s t i n c t s t r o m a t o l i t e u n i t s 
t h a t a r e u n d e r l a i n by o o m i c r i t e - o o s p a r i t e , s andy s p a r i t e , s a n d s t o n e , 
o r m i c r i t e . The t r o u g h s of s t r o m a t o l i t e s commonly a r e f i l l e d w i t h 
o o m i c r i t e , o s t r a c o d e b i o m i c r i t e and a g g m i c r i t e . 
S t r o m a t o l i t e l a m i n a e a r e from . 1 t o 5 mm t h i c k and a r e composed 
of spongy m i c r o c r y s t a l l i n e c a r b o n a t e and s p a r r y c a r b o n a t e . L a y e r i n g 
i s p o o r l y d e f i n e d i n t h i n s e c t i o n due t o n e o m o r p h i c e f f e c t s . S t a i n e d 
p o l i s h e d s l a b s and t h i n s e c t i o n s t u d i e s s u g g e s t t h e p r e s e n c e of a l t e r ­
n a t i n g c a l c i t e - and d o l o m i t e - r i c h l a y e r s , t h o u g h t h e m i n e r a l o g i c a l 
s e p a r a t i o n i s n o t v e r y d i s t i n c t . G e b e l e i n and Hoffman (1971) a t t r i b u t e d 
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F i g . 1 6 . P o l i s h e d s e c t i o n of LLH a l g a l s t r o m a t o l i t e showing i n t e r -
l a m i n a t e d c a l c i t e - and d o l o m i t e - r i c h l a y e r s , and c o n c e n t r a t i o n s of 
o o l i t h s i n t r o u g h s . L e n g t h of s c a l e b a r i s 2 cm . 
Fig . 15 . Type-LUI algal stromatolite , l aterally linked hemi spheroids , 
from the Parachute Creek Member, Raven Ridge. 
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F i g . 1 7 . P o l i s h e d s e c t i o n of type-SH-C a l g a l s t r o m a t o l i t e , v e r t i c a l ­
l y s t a c k e d h e m i s p h e r o i d s , from t h e P a r a c h u t e Creek Member, Raven 
R i d g e . S c a l e b a r l e n g t h i s 2 cm . 
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F i g . 1 8 . A l g a l h e a d s w i t h spongy d i g i t a t e o u t e r s u r f a c e . The a l g a l 
s t r u c t u r e s form a b i o h e r m a l r e e f which i s exposed a t t h e n o r t h e r n end 
of Raven R i d g e j u s t w e s t of s t a t e r o u t e 4 5 . 
F i g . 1 9 . Wea the red c r o s s s e c t i o n of o v e r t u r n e d a l g a l head showing p o r o u s 
e c c e n t r i c a l l y - l a m i n a t e d s t r o m a t o l i t i c c o a t i n g a r o u n d a m i c r o c r y s t a l l i n e 
c a r b o n a t e n u c l e u s . The l e n g t h of t h e p o c k e t k n i f e i s a b o u t 9 cm . 
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t h e f o r m a t i o n of i n t e r l a m i n a t e d d o l o m i t e and c a l c i t e i n s t r o m a t o l i t e s 
t o t h e a l t e r n a t i o n of o r i g i n a l a l g a l - r i c h ( h i g h Mg/Ca) l a y e r s w i t h s e d i ­
m e n t - r i c h l a y e r s ( low M g / C a ) . The a c t u a l mode of f o r m a t i o n of t h e 
d o l o m i t e h a s n o t y e t b e e n e x p e r i m e n t a l l y d u p l i c a t e d , b u t t h e s e l e c t i v e 
d i s t r i b u t i o n of t h e d o l o m i t e a p p a r e n t l y i s c o n t r o l l e d by t h e p r i m a r y 
d i s t r i b u t i o n of m a g n e s i u m - e n r i c h e d o r g a n i c l a y e r s . 
The b i o h e r m a l r e e f s ( t e r m i n o l o g y t h a t of N e l s o n and o t h e r s , 1962) 
a r e a g g r e g a t e s of l a r g e p u f f b a l l - s h a p e d a l g a l c o l o n i e s . Two s u c h 
r e e f s w e r e examined a t t h e n o r t h e r n end of Raven R i d g e where t h e y o c c u r 
a s a l e n s i n a s e q u e n c e of i n t e r b e d d e d f i n e s a n d s t o n e and sandy c a r b o n ­
a t e r o c k s ( s p a r i t e , o s t r a c o d e - a l g a l b i o s p a r i t e , o o m i c r i t e , a g g s p a r i t e ) . 
I n d i v i d u a l h e a d s t y p i c a l l y a r e . 5 t o 1.5 m i n maximum d i m e n s i o n 
and c o n s i s t of an i n t e r n a l c o r e of s t r u c t u r e l e s s spongy m i c r o c r y s t a l l i n e 
c a r b o n a t e c o a t e d w i t h c o n c e n t r i c a l l y l a m i n a t e d ( s t r o m a t o l i t i c ) p o r o u s 
m i c r i t e ( f i g s . 1 8 , 1 9 ) . The o u t e r s u r f a c e i s p i t t e d w i t h b o w l - s h a p e d 
d e p r e s s i o n s (1 -4 cm d i a m e t e r ) t h a t c o n t a i n c o n c e n t r a t i o n s of i n t r a ­
c l a s t s , p e l l e t s , a l g a l f r a g m e n t s and o s t r a c o d e s . The maximum t h i c k ­
n e s s of t h e r e e f s a t t h i s l o c a l i t y i s 6 . 7 m. The r e e f p i n c h e s o u t 
o v e r a l a t e r a l d i s t a n c e of a p p r o x i m a t e l y 275 m. 
I n t h i n s e c t i o n t h e r e i s l i t t l e e v i d e n c e of a l g a l s t r u c t u r e . 
The c a r b o n a t e i s m a i n l y m i c r o c r y s t a l l i n e c a l c i t e and d o l o m i t e w i t h 
p a t c h e s of neomorph ic and p o r e - f i l l i n g s p a r . I n t r a c l a s t s and p e l l e t s 
a r e u s u a l l y a b u n d a n t enough t o c l a s s i f y t h e r o c k a s an a g g m i c r i t e 
( f i g . 6 f ) . T e r r i g e n o u s s i l t and sand g r a i n s a r e r a r e ( l e s s t h a n f i v e 
p e r c e n t ) . C l a y m i n e r a l s a r e p r e s e n t , b u t g e n e r a l l y do n o t e x c e e d 
e i g h t p e r c e n t of t h e r o c k . D i s s e m i n a t e d a u t h i g e n i c p y r i t e formed by 
s u l f a t e - r e d u c i n g b a c t e r i a t h a t a i d e d i n t h e d e c a y p r o c e s s of t h e a l g a e 
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i s common i n t h e b i o l i t h i t e . I n t e r c o n n e c t e d f e n e s t r a l megapores 
( C h o q u e t t e and P r a y , 1970) t h a t p r e s u m a b l y formed by d e c a y of s e d i m e n t -
c o v e r e d a l g a e a r e a b u n d a n t . 
Fo r a much more d e t a i l e d d e s c r i p t i o n and a n a l y s i s of s i m i l a r a l g a l 
b i o l i t h i t e i n t h e Green R i v e r F o r m a t i o n , t h e r e a d e r s h o u l d c o n s u l t 
B r a d l e y ( 1 9 2 9 ) . 
ENVIRONMENTS OF DEPOSITION 
F o u r ma jo r s u b e n v i r o n m e n t s of d e p o s i t i o n a r e r e c o g n i z e d i n t h e 
Green R i v e r and lower U i n t a F o r m a t i o n s : (1) s h o r e l i n e , (2) s h a l l o w , 
o p e n n e a r s h o r e , (3 ) s h a l l o w , p r o t e c t e d n e a r s h o r e and (4) o f f s h o r e . 
C a r b o n a t e s e d i m e n t s w e r e d e p o s i t e d i n e a c h s u b e n v i r o n m e n t , b u t t h e d i s ­
t r i b u t i o n and r e l a t i v e i m p o r t a n c e of t h e s e s u b e n v i r o n m e n t s i s d i f f i c u l t 
t o e v a l u a t e b e c a u s e of t h e t h i c k n e s s of t h e f o r m a t i o n and t h e i n t r i c a t e 
f a c i e s r e l a t i o n s . P o r t e r ( 1 9 6 3 , p . 196) g i v e s a g e n e r a l i z e d map of t h e 
f a c i e s d i s t r i b u t i o n of t h e Green R i v e r F o r m a t i o n i n t h e U i n t a B a s i n . 
S h o r e l i n e 
I n t h e Green R i v e r F o r m a t i o n , m o d e r a t e l y t o w e l l - s o r t e d f i n e 
t e r r i g e n o u s s a n d s were d e p o s i t e d on b e a c h e s , b a r s , s p i t s and d e l t a s 
w h e r e t h e r e was an a v a i l a b l e s u p p l y of t e r r i g e n o u s g r a i n s and s t r o n g 
and p e r s i s t e n t enough c u r r e n t s t o winnow c l a y and m i c r o c r y s t a l l i n e 
c a r b o n a t e . The s a n d s t o n e i s c r o s s - s t r a t i f i e d o r h o r i z o n t a l l y - s t r a t i ­
f i e d , commonly h a s l i n e a r a s y m m e t r i c r i p p l e marks and p a r t i n g l i n e a t i o n , 
i s somet imes b u r r o w e d , and commonly c o n t a i n s zones of c h e r t p e b b l e c o n ­
g l o m e r a t e . Where e x p a n s i v e c e m e n t a t i o n and d i a g e n e t i c r e p l a c e m e n t by 
s p a r r y c a r b o n a t e e x c e e d s 50 p e r c e n t , t h e r o c k i s a s andy s p a r i t e . 
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Sandy s p a r i t e and b e a c h - b a r s a n d s t o n e a r e common i n t h e Doug las C r e e k , 
Garden Gulch and P a r a c h u t e Creek Members a l o n g Raven R i d g e n o r t h of 
D r i p p i n g Rock C r e e k . 
Broad e x p a n s e s of c a r b o n a t e - c l a y m u d f l a t s b o r d e r e d t h e l a k e , 
p a r t i c u l a r l y on t h e g e n t l y s l o p i n g s o u t h e r n m a r g i n s of t h e b a s i n . 
C lay and m i c r i t e d e p o s i t e d on m u d f l a t s and i n s h a l l o w n e a r s h o r e l a g o o n s 
w e r e p e r i o d i c a l l y s u b j e c t e d t o s u b a e r i a l e x p o s u r e . D e s s i c a t i o n c r a c k s , 
s a l t m o l d s , v a s c u l a r p l a n t r e m a i n s and t h e p a u c i t y of l a c u s t r i n e o r g a n ­
i s m s s u g g e s t s t h a t m i c r i t e and s a n d y , s i l t y o r c l a y e y m i c r i t e we re 
s u b a e r i a l l y exposed d u r i n g d e p o s i t i o n . Many m i c r i t e s ( a g g m i c r i t e , 
s i l t y and sandy a g g m i c r i t e ) a l s o c o n t a i n p o o r l y s o r t e d a g g r e g a t e s of 
m i c r i t e t h a t were e r o d e d from s u r r o u n d i n g m u d f l a t s . M i c r i t e and 
a g g m i c r i t e of t h e g r e e n s h a l e f a c i e s i n t h e s o u t h - c e n t r a l U i n t a B a s i n 
commonly show d e s s i c a t i o n f e a t u r e s and a r e i n t e r b e d d e d w i t h f l u v i a l 
s a n d s t o n e , s i l t s t o n e , and c l a y s t o n e . They a r e b e l i e v e d t o h a v e b e e n 
d e p o s i t e d on m u d f l a t s and i n l a c u s t r i n e l a g o o n s a s s o c i a t e d w i t h a l a r g e 
d e l t a i c complex p r o g r a d i n g from t h e s o u t h . 
S h a l l o w , N e a r s h o r e P r o t e c t e d 
Lagoons t h a t were p r o t e c t e d from t h e f u l l sweep of t h e wind must 
h a v e been common a l o n g t h e i r r e g u l a r s h o r e s of t h e l a k e . C a r b o n a t e 
s e d i m e n t s d e p o s i t e d i n t h e l a g o o n s a r e s i m i l a r t o t h o s e of t h e m u d f l a t s 
e x c e p t f o r t h e a b s e n c e of e v i d e n c e of s u b a e r i a l e x p o s u r e . L a g o o n a l 
c a r b o n a t e s a r e m o s t l y m i c r i t e w i t h even h o r i z o n t a l l a m i n a e o r no l a m i ­
n a e a t a l l . T e r r i g e n o u s sand o r s i l t g r a i n s a r e common and a r e 
p r e s e n t a s sandy o r s i l t y l a m i n a e i n m i c r i t e . The g r a i n s w e r e washed 
i n t o l a g o o n s from n e a r b y b e a c h e s o r s t r e a m s . Some t e r r i g e n o u s s i l t 
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g r a i n s p r o b a b l y were b lown i n t o l a g o o n s from a d j a c e n t t e r r e s t r i a l en* 
v i r o n m e n t s . 
Most o s t r a c o d e , g a s t r o p o d and p e l e c y p o d b i o m i c r i t e i s b e l i e v e d t o 
h a v e a c c u m u l a t e d i n n e a r s h o r e , s h a l l o w , p r o t e c t e d w a t e r s , S h e l l s a r e 
i n t a c t and f i l l e d w i t h m i c r i t e . , C h a r o p h y t e b i o m i c r i t e p r o b a b l y accum­
u l a t e d i n s i m i l a r e n e r g y c o n d i t i o n s , b u t u n d e r more s t r i n g e n t c h e m i c a l 
c o n d i t i o n s . J o h n s o n ( 1 9 6 1 , p . 36) i n d i c a t e d t h a t mos t c h a r o p h y t e s 
grown i n d e p t h s of l e s s t h a n n i n e m e t e r s and r e q u i r e ca lm o r s l o w l y 
moving a l k a l i n e w a t e r f o r g r o w t h . 
G a s t r o p o d s and p e l e c y p o d s a r e found i n a s s o c i a t i o n w i t h one a n o t h e r ; 
c h a r o p h y t e s and o s t r a c o d e s t e n d t o o c c u r s e p a r a t e l y from t h e m o l l u s c s , 
b u t n o t i n a s s o c i a t i o n w i t h each o t h e r . O s t r a c o d e s a r e by f a r t h e mos t 
a b u n d a n t of t h e s e f o s s i l s . G a s t r o p o d s and p e l e c y p o d s p r o b a b l y c o u l d 
n o t s u r v i v e i n a s s e v e r e p h y s i c a l and c h e m i c a l c o n d i t i o n s a s t h e o s t r a ­
c o d e s . The r e s t r i c t e d o c c u r r e n c e of g a s t r o p o d and p e l e c y p o d b i o m i c r i t e 
a t t h e b a s e of t h e Green R i v e r F o r m a t i o n i n t h e U i n t a B a s i n i s a t t r i b ­
u t e d t o t h e l i m i t e d s a l i n i t y t o l e r a n c e s of t h e m o l l u s c s . A p p a r e n t l y , 
f r e s h w a t e r c o n d i t i o n s p r e v a i l e d i n t h e e a r l y s t a g e s of Lake U i n t a and 
f r e s h - w a t e r g a s t r o p o d s and p e l e c y p o d s w e r e a b u n d a n t . At l e a s t one 
g a s t r o p o d ( " H e l i x " ) i n t h e b i o m i c r i t e was a l a n d s n a i l t h a t was washed 
i n t o t h e l a k e from s u r r o u n d i n g l a n d s u r f a c e o r was drowned by an 
e x p a n d i n g l a k e (LaRocque , 1956 , p . 1 4 3 ) . A l l o t h e r i d e n t i f i e d g a s t r o ­
p o d s a r e f r e s h - w a t e r m o l l u s c s (La Rocque , 1956 , p . 143) t h a t p r o b a b l y 
i n h a b i t e d l a c u s t r i n e l a g o o n s or i s o l a t e d ponds and l a k e s . La Rocque 
( 1 9 6 0 , p . 63) n o t e d t h a t V i v i p a r u s (common g a s t r o p o d i n b i o m i c r i t e ) 
p r e f e r r e d s h a l l o w w a t e r and a muddy s u b s t r a t e and was a b u n d a n t o n l y w h e r e 
t h e r e was an ample food s u p p l y i n t h e form of m i n u t e lower p l a n t s and 
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d e c a y i n g a n i m a l m a t t e r . 
O f f s h o r e 
L a g o o n a l and m u d f l a t m i c r i t e i s most e a s i l y c o n f u s e d w i t h m i c r o -
c r y s t a l l i n e c a r b o n a t e t h a t was d e p o s i t e d o f f s h o r e i n much d e e p e r w a t e r . 
Both e n v i r o n m e n t s a r e t y p i f i e d by ca lm w a t e r d e p o s i t i o n of m i c r i t e . 
Both a r e l i k e l y t o have d a r k o r g a n i c - r i c h r o c k s ( o i l s h a l e ) t h a t a r e 
h o r i z o n t a l l y - l a m i n a t e d o r v a r v e d and c o n t a i n d o l o m i c r i t e , p y r i t e , and 
c l a y m i n e r a l s . Many a u t h o r s ( T w e n h o f e l , 1926 , p . 302 ; B r a d l e y , 193-1, 
p . 2 8 ; G r e e n s m i t h , 1962 , p . 3 6 2 ; C a s h i o n , 1967 , p . 16; B a e r , 1969 , 
p . 26) b e l i e v e t h a t o i l s h a l e forms i n s h a l l o w w a t e r l a g o o n a l e n v i r o n ­
m e n t s a s w e l l a s d e e p e r w a t e r o f f s h o r e l a c u s t r i n e e n v i r o n m e n t s . 
S y n e r e s i s c r a c k s and s a l t molds a r e t y p i c a l o f f s h o r e d e e p w a t e r f e a t u r e s 
t h a t m i g h t be m i s t a k e n a s e v i d e n c e of s u b a e r i a l e x p o s u r e d u r i n g d e p o ­
s i t i o n . T h i n b e d s of o o l i t h s and m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s 
t h a t w e r e washed i n t o t h e o f f s h o r e e n v i r o n m e n t from a d j a c e n t s h a l l o w 
w a t e r s h o a l s a r e a l s o found i n d e p o s i t s from t h e deep c e n t r a l p a r t of 
t h e l a k e . V a r i o u s au tho r ' s e s t i m a t e s of t h e maximum d e p t h of Lake U i n t a 
r a n g e from 60 f t . t o o v e r 1000 f t . R e g a r d l e s s of the maximum d e p t h , 
t h e o f f s h o r e f a c i e s was d e p o s i t e d be low w a v e - b a s e u n d e r s t r o n g l y 
r e d u c i n g c o n d i t i o n s p r o b a b l y enhanced by c h e m i c a l and ( o r ) t h e r m a l 
s t r a t i f i c a t i o n of t h e l a k e . 
D e s p i t e t h e s i m i l a r i t i e s b e t w e e n t h e d e p o s i t s of t h e o f f s h o r e deep 
w a t e r and n e a r s h o r e p r o t e c t e d s h a l l o w w a t e r e n v i r o n m e n t s , t h e i r s e d i ­
m e n t a r y p r o d u c t s c a n b e d i f f e r e n t i a t e d on t h e b a s i s of a s s o c i a t e d 
l i t h o l o g i e s . F l u v i a l s a n d s t o n e , s i l t s t o n e and c l a y s t o n e and n e a r s h o r e -
s h o r e l i n e l a c u s t r i n e s a n d s t o n e and sandy c a r b o n a t e r o c k s a r e i n t e r b e d d e d 
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w i t h l a g o o n a l c a r b o n a t e . A m i c r i t e bound by t r o u g h c r o s s - s t r a t i f i e d , 
w e l l - s o r t e d s a n d s t o n e o r d i s s e c t e d by f l u v i a l c h a n n e l s i s n o t l i k e l y 
t o be an o f f s h o r e deep w a t e r d e p o s i t . As P i c a r d ( 1 9 6 3 , p . 89) h a s 
p o i n t e d o u t , Lake U i n t a was a r e l a t i v e l y s t a b l e l a k e t h a t had a d u r a t i o n 
of a p p r o x i m a t e l y 1 3 . 3 m i l l i o n y e a r s . The d e p o c e n t e r g r a d u a l l y s h i f t e d 
many t i m e s , b u t i t i s u n l i k e l y t h a t t h e s h i f t s f r e q u e n t l y t r a n s p o s e d 
deep w a t e r o f f s h o r e f a c i e s o n t o n e a r s h o r e o r s h o r e l i n e f a c i e s . 
O f f s h o r e deep w a t e r f a c i e s a r e b e s t r e p r e s e n t e d by b e d s i n t h e 
P a r a c h u t e Creek and E v a c u a t i o n C r e e k Members a t I n d i a n Canyon and t h e 
s o u t h e r n end of Raven R i d g e a l o n g t h e Whi te R i v e r . N e a r s h o r e s i l t y and 
c l a y e y m i c r i t e , b i o m i c r i t e and m i c r i t e d e p o s i t e d i n l a g o o n s and s h a l l o w , 
ca lm n e a r s h o r e w a t e r a r e p r e s e n t i n t h e b l a c k s h a l e f a c i e s a t I n d i a n 
Canyon and i n t h e E v a c u a t i o n Creek and Doug las Creek Members a l o n g 
Raven R i d g e . C h a r o p h y t e b i o m i c r i t e i s found i n t h e s a n d s t o n e and 
l i m e s t o n e f a c i e s a t I n d i a n Canyon j u s t s o u t h of t h e town of D u c h e s n e . 
S h a l l o w , N e a r s h o r e Open 
A g r e a t v a r i e t y of c a r b o n a t e s e d i m e n t s we re d e p o s i t e d i n n e a r s h o r e 
s h a l l o w open w a t e r e n v i r o n m e n t s . Broad s h o a l s a p p a r e n t l y d e v e l o p e d 
d u r i n g r e g r e s s i o n s of t h e l a k e and c a r b o n a t e d e p o s i t i o n became domi­
n a n t a s t h e l a k e r e m a i n e d l e v e l o r s l i g h t l y t r a n s g r e s s e d ( P i c a r d and 
H igh , 1 9 6 8 , p . 3 8 1 ) . C a r b o n a t e s h o a l d e p o s i t s a r e c h a r a c t e r i z e d by 
c r o s s - s t r a t i f i e d o o s p a r i t e and s and y o o s p a r i t e which g e n e r a l l y i s 
capped by a l g a l b i o l i t h i t e . Commonly, d o l o m i t i z a t i o n h a s d e s t r o y e d 
t h e i n t e r n a l s t r u c t u r e of t h e o o l i t h s and t h e r o c k s a r e a g g s p a r i t e o r 
s andy a g g s p a r i t e . T e r r i g e n o u s sand and s i l t g r a i n s a r e n o t n e a r l y as 
a b u n d a n t i n s h o a l d e p o s i t s as i n n e a r s h o r e and s h o r e l i n e l i t h o l o g i e s . 
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A c c r e t i o n a r y l i n e a r a s y m m e t r i c a l r i p p l e marks and m i c r o - c r o s s - l a m i n a t i o n 
a r e common. L a c u s t r i n e s h o a l l i t h o l o g i e s c o n t a i n a s u i t e of s e d i m e n ­
t a r y s t r u c t u r e s s i m i l a r t o r e c e n t o o l i t h s h o a l s i n t h e Bahamas ( I m b r i e 
and Buchanan , 1965) where t h e s t r a t i f i c a t i o n i s m a i n l y formed by b o t t o m 
t r a c t i o n i n s h a l l o w ( l e s s t h a n 10 f t ) w a t e r . 
The a l g a l b i o l i t h i t e c a n b e e i t h e r a b i o s t r o m a l o r b i o h e r m a l a l g a l 
r e e f , a s p r e v i o u s l y d e s c r i b e d . B i o l i t h i t e g e n e r a l l y i s found above 
o o s p a r i t e and t h u s p r o b a b l y r e p r e s e n t s t h e c e s s a t i o n of o o l i t h f o r m a ­
t i o n and s t a b i l i z a t i o n of t h e s h o a l by a l g a e . O o l i t h s which a r e p r e s e n t 
i n b i o l i t h i t e a r e found w i t h i n t r a c l a s t s and a l g a l p l a t e s t h a t were 
washed o n t o t h e m u c i l a g i n o u s mat s of h e a d s and t r a p p e d t h e r e . O o l i t h 
s h o a l d e p o s i t s and a s s o c i a t e d a l g a l b i o l i t h i t e a r e common i n t h e 
P a r a c h u t e C r e e k Member a l o n g Raven R i d g e . 
S l i g h t l y d e e p e r , w e l l o x y g e n a t e d n e a r s h o r e e n v i r o n m e n t s which 
w e r e s t r o n g l y a f f e c t e d by wave a c t i o n , g e n e r a l l y can b e d i s t i n g u i s h e d 
from s h o r e l i n e and s h o a l f a c i e s . A l g a l p l a t e s and m i c r o c r y s t a l l i n e 
c a r b o n a t e a g g r e g a t e s r i p p e d o f f b i o s t r o m e s and b i o h e r m s we re t r a n s p o r t e d 
i n t o b a c k - s h o a l and n e a r s h o r e a r e a s of s l i g h t l y d e e p e r , l e s s t u r b u l e n t 
w a t e r . LLH a l g a l s t r o m a t o l i t e s we re common i n n e a r s h o r e f a c i e s d u r i n g 
c a r b o n a t e d e p o s i t i o n , b u t were n o t as w e l l - d e v e l o p e d a s a l g a e l i v i n g 
i n s h a l l o w e r w a t e r on t h e s h o a l s . The t e r r i g e n o u s s u p p l y t o t h e s e 
a r e a s was v a r i a b l e d e p e n d i n g upon t h e p r o x i m i t y of i n f l o w i n g s t r e a m s . 
Few s a n d s t o n e s a r e found i n t h e n e a r s h o r e f a c i e s ; m o d e r a t e l y o r p o o r l y 
s o r t e d s i l t s t o n e i s common. O s t r a c o d e and a l g a l b i o s p a r i t e and a g g ­
s p a r i t e a r e s u g g e s t i v e of t h i s f a c i e s . A l lochems a r e f r a g m e n t e d , 
a b r a d e d , and t i g h t l y p a c k e d , and t h e r o c k s a r e w e l l w a s h e d . H o r i ­
z o n t a l s t r a t i f i c a t i o n , wavy s t r a t i f i c a t i o n and s m a l l - s c a l e t r o u g h c r o s s -
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s t r a t i f i c a t i o n a r e w e l l d e v e l o p e d . Some o s t r a c o d e c a r a p a c e s r e m a i n 
a r t i c u l a t e d and a r e n e a r t h e i r o r i g i n a l g rowth p o s i t i o n . 
S a n d s t o n e and sandy s p a r i t e of t h e s h o r e l i n e f a c i e s i s i n t e r ­
bedded w i t h n e a r s h o r e b i o s p a r i t e , a g g s p a r i t e and s i l t s t o n e . L o c a l l y , 
s h o a l s d e v e l o p e d enough r e l i e f t o s i g n i f i c a n t l y i n f l u e n c e d e p o s i t i o n 
i n b a c k s h o a l a r e a s . B r a d l e y ( 1 9 2 9 , p . 206) found t h a t most of t h e 
a l g a l c a r b o n a t e s had l i t t l e r e l i e f above t h e l a k e b o t t o m , b u t a few 
must have had a s much a s 1.3 m of r e l i e f . P o o r l y washed m i c r i t e , 
a g g m i c r i t e , o o m i c r i t e and b i o m i c r i t e l o c a l l y formed l andward of t h e s e 
b a r r i e r s . 
O s t r a c o d e and a l g a l b i o s p a r i t e a r e common i n t h e b l a c k s h a l e f a c i e s 
a t I n d i a n Canyon and i n t h e Garden Gulch and P a r a c h u t e Creek Members 
a l o n g Raven R i d g e where t h e n e a r s h o r e and s h o r e l i n e f a c i e s i n t e r t o n g u e . 
DOLOMITIZATION AND DIAGENESIS 
D o l o m i t i z a t i o n 
D e s c r i p t i o n . - - D o l o m i t e c o n s t i t u e s an i m p o r t a n t m i n e r a l p h a s e i n 
t h e c a r b o n a t e r o c k s . Of 40 s ample s x - r a y e d f o r d o l o m i t e - c a l c i t e r a t i o s , 
95 p e r c e n t h a v e d o l o m i t e p r e s e n t ; i n 33 p e r c e n t d o l o m i t e i s t h e dominan t 
c a r b o n a t e m i n e r a l . S t a i n e d t h i n s e c t i o n s of x - r a y e d r o c k s w e r e examined 
i n o r d e r t o d e t e r m i n e t h e s i z e , s h a p e and d i s t r i b u t i o n of t h e d o l o m i t e . 
Two t y p e s of d o l o m i t e a r e r e c o g n i z e d : (1) d o l o m i t e t h a t h a s r e ­
p l a c e d m i c r o c r y s t a l l i n e c a r b o n a t e , and (2) d o l o m i t e t h a t h a s r e p l a c e d 
s p a r r y c a r b o n a t e and t e r r i g e n o u s q u a r t z and f e l d s p a r g r a i n s . The mean 
c r y s t a l s i z e of d o l o m i c r i t e i n 26 t h i n s e c t i o n s h a s b e e n e s t i m a t e d and 
t h e r e s u l t s a r e shown i n f i g . 7 . I n a b o u t 70 p e r c e n t of t h e s a m p l e s 
t h e mean s i z e of d o l o m i t e i s be tween 2 . 5 and 7 . 5 u.m. C r y s t a l s a s 
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escription.-- olo ite constitues an i portant ineral phase in 
the carbonate rocks. f 40 sa ples x-rayed for dolo ite-calcite ratios, 
95 percent have dolo ite present; in 33 percent dolo ite is the do inant 
carbonate ineral. Stained thin sections of x-rayed rocks ere exa ined 
in order to deter ine the size, shape Rnd distribution of the dolo ite. 
T o types of dolo ite are recognized: (1) dolo ite t at has re-
placed icrocrystalline carbonate, and (2) dolo ite that has replaced 
sparry carbonate and terrigenous quartz and feldspar grains. The ean 
cr stal size of dolo icrite in 26 thin sections has been esti ated and 
the res lts are sho n in fi . 7. In about 70 percent of the sa ples 
t   i  f l it  i  t  .   .  p . r t l   
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s m a l l a s 1.5 ;um a r e n o t u n u s u a l ; d o l o m i t e l a r g e r t h a n 20 pxn i s uncommon 
The d o l o m i c r i t e t y p i c a l l y i s p r e s e n t as l i g h t b rown, s u b h e d r a l and 
e u h e d r a l c r y s t a l s i n a mosa i c of a n h e d r a l m i c r o c r y s t a l l i n e c a l c i t e . 
With i n c r e a s i n g d o l o m i t e c o n t e n t , t h e d o l o m i t e c r y s t a l s form a c o n t i n ­
uous mesh of i n t e r l o c k i n g a n h e d r a l c r y s t a l s t h a t a r e d i f f i c u l t t o d i s ­
t i n g u i s h from c a l c m i c r i t e . 
M i c r o c r y s t a l l i n e c a r b o n a t e i s s e l e c t i v e l y r e p l a c e d by d o l o m i c r i t e 
i n mos t t h i n s e c t i o n s . X - r a y i n t e n s i t y c o u n t s of m i c r i t e show t h a t 
d o l o m i t e c o n t e n t r a n g e s from 0 t o 100 p e r c e n t of t h e t o t a l c a r b o n a t e , 
i n d i c a t i n g t h a t a l l s t a g e s of d o l o m i t e r e p l a c e m e n t of m i c r o c r y s t a l l i n e 
c a l c i u m c a r b o n a t e e x i s t . M i c r i t e a g g r e g a t e s and o o l i t h s a r e a l s o p a r ­
t i a l l y o r c o m p l e t e l y r e p l a c e d by d o l o m i c r i t e t h a t does n o t v i s i b l y 
d i f f e r f rom d o l o m i c r i t e t h a t h a s r e p l a c e d m i c r i t e m a t r i x . T e r r i g e n o u s 
sand and s i l t g r a i n s , i r o n d i s u l f i d e , s p a r r y c a r b o n a t e o r f o s s i l s a r e 
n o t r e p l a c e d by d o l o m i c r i t e i n any of t h e t h i n s e c t i o n s examined . 
O s t r a c o d e s w i t h a t t a c h e d c a r b o n a t e mud o r i n f i l l i n g s of mud g e n e r a l l y 
have c a l c i t e s h e l l s w h e r e a s t h e mud has b e e n s e l e c t i v e l y r e p l a c e d by 
d o l o m i c r i t e ( f i g s . 4 c , 4 d ) . 
D o l o m i t e t h a t h a s r e p l a c e d s p a r r y c a r b o n a t e i s l e s s common i n t h e 
c a r b o n a t e r o c k s . S a n d s t o n e , s i l t s t o n e , s andy o r s i l t y s p a r i t e , and b i o 
s p a r i t e g e n e r a l l y a r e low i n d o l o m i t e (0 t o 25 p e r c e n t of t o t a l c a r ­
b o n a t e ) . The d o l o m i t e c l e a r l y r e p l a c e d q u a r t z and f e l d s p a r g r a i n s ( f i g 
11c) and t r a n s e c t s d o l o m i c r i t e a l l o c h e m s . Some d o l o s p a r i t e may be 
o r i g i n a l p o r e - f i l l i n g cement ( S c h m i d t , 1965 , p . 143 ; B e a l e s , 1 9 7 1 , 
p . 3 3 0 ) , b u t c e r t a i n c r y s t a l s we re o b s e r v e d t h a t h a v e r e p l a c e d s p a r r y 
c a l c i t e c e m e n t . D o l o s p a r i t e c r y s t a l s h a v e good c l a r i t y , a r e s u b h e d r a l 
and a r e e x t r e m e l y v a r i a b l e i n s i z e ( 2 0 - 2 5 0 jjrni) . 
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O r i g i n , - - A l t h o u g h t h e r e p l a c e m e n t o r i g i n of d o l o m i c r i t e i s n o t 
a p p a r e n t i n many s a m p l e s , t h e s i m i l a r i t y of d o l o m i c r i t e t h a t h a s p a r ­
t i a l l y o r c o m p l e t e l y r e p l a c e d a l l o c h e m s and d o l o m i c r i t e t h a t h a s r e ­
p l a c e d m i c r i t e m a t r i x i s c o m p e l l i n g e v i d e n c e f o r a r e p l a c e m e n t o r i g i n . 
A l s o , t h e s c a t t e r e d i s o l a t e d rhombs and c l u s t e r s of d o l o m i t e i n m i c r o -
c r y s t a l l i n e c a r b o n a t e m a t r i x i n d i c a t e t h a t d o l o m i c r i t e o r i g i n a t e d 
t h r o u g h r e p l a c e m e n t of c a l c i u m c a r b o n a t e . I t i s p o s t u l a t e d t h a t t h i s 
r e p l a c e m e n t p r o c e s s t o o k p l a c e d u r i n g e a r l y d i a g e n e s i s b e f o r e l i t h i f i c a -
t i o n was c o m p l e t e . 
D o l o m i t e formed i n r e c e n t and P l e i s t o c e n e l a c u s t r i n e e n v i r o n m e n t s 
h a s been r e p o r t e d by numerous a u t h o r s (Graf and o t h e r s , 1959 , 1 9 6 1 ; 
J o n e s , 1 9 6 1 ; B i s s e l l and C h i l i n g a r , 1962; C a r o z z i , 1962; P e t e r s o n and 
o t h e r s , 1 9 6 3 ; Reeves and P a r r y , 1965; F r i e d m a n , 1 9 6 6 ) . C o n s i d e r a b l e 
c o n t r o v e r s y p r e v a i l s r e g a r d i n g t h e mechanism of f o r m a t i o n of l a c u s t r i n e 
d o l o m i t e . Some a u t h o r s ( P e t e r s o n and o t h e r s , 1 9 6 3 , Weber , 1964a ; 
C l a y t o n and o t h e r s , 1968 ; P a r r y and o t h e r s , 1970) b e l i e v e t h a t d o l o m i t e 
c a n be p r e c i p i t a t e d d i r e c t l y from s a l i n e l a k e w a t e r s ; Degens and E p s t e i n 
(1964) m a i n t a i n t h a t d o l o m i t e must have b e e n d e r i v e d by m e t a s o m a t i s m 
of c a l c i u m c a r b o n a t e . T h i s a u t h o r b e l i e v e s t h a t t h e e v i d e n c e p r e s e n t e d 
by C l a y t o n and o t h e r s (1968) and Weber (1964a) c o n v i n c i n g l y shows t h a t 
d o l o m i t e can form by c r y s t a l l i z a t i o n from an aqueous p h a s e a s w e l l a s 
by r e p l a c e m e n t of c a l c i u m c a r b o n a t e . 
I n t h e Green R i v e r F o r m a t i o n any r o c k c o n t a i n i n g m i c r o c r y s t a l l i n e 
c a r b o n a t e was s u s c e p t i b l e t o r e p l a c e m e n t by d o l o m i c r i t e . P r e l i m i n a r y 
r e s u l t s i n d i c a t e t h a t t h e r e i s no f a c i e s c o n t r o l of t h e d o l o m i t i z a t i o n . 
N e i t h e r a r e p o r o s i t y and p e r m e a b i l i t y c o n t r o l s a p p a r e n t . B e s i d e s b e i n g 
w i d e s p r e a d and a b u n d a n t , t h e d o l o m i c r i t e i s r e l a t i v e l y u n i f o r m i n s i z e 
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and h a s s e l e c t i v e l y r e p l a c e d m i c r o c r y s t a l l i n e c a l c i u m c a r b o n a t e . The 
r e s e m b l a n c e of t h e d o l o m i c r i t e t o d o l o m i t e from r e c e n t and P l e i s t o c e n e 
l a c u s t r i n e e n v i r o n m e n t s , t h e e a r l y p a r a g e n e t i c p o s i t i o n o c c u p i e d by 
d o l o m i c r i t e a s i n d i c a t e d by m i c r o s c o p i c t e x t u r a l r e l a t i o n s h i p s , t h e 
w i d e s p r e a d b u t s e l e c t i v e d i s t r i b u t i o n of d o l o m i t e , and oxygen i s o t o p e 
d a t a p r e s e n t e d i n a f o l l o w i n g s e c t i o n a l l l e a d t o t h e c o n c l u s i o n t h a t 
mos t d o l o m i c r i t e was formed s h o r t l y a f t e r d e p o s i t i o n p r i o r t o l i t h i f i -
c a t i o n by r e p l a c e m e n t of a c a l c i u m c a r b o n a t e p r e c u r s o r . 
D i a g e n e s i s 
D i a g e n e s i s encompasses t h o s e n a t u r a l c h a n g e s t h a t o c c u r i n s e d i ­
men t s o r s e d i m e n t a r y r o c k s be tween t h e t i m e of i n i t i a l d e p o s i t i o n and 
t h e t i m e when t h e y can b e c o n s i d e r e d t o have p a s s e d i n t o t h e r e a l m 
of metamorph ism (Murray and P r a y , 1965 , p . 1 ) . A g e n e r a l s e q u e n c e of 
d i a g e n e t i c c h a n g e s c o m p i l e d from m i c r o s c o p i c o b s e r v a t i o n s i s g i v e n 
b e l o w . The c o m p l e t e p a r a g e n e t i c s e q u e n c e i s s e ldom p r e s e r v e d i n any 
one t h i n s e c t i o n , b u t t i m e r e l a t i o n s h i p s of v a r i o u s d i a g e n e t i c c h a n g e s 
a r e c o n s i s t e n t from t h i n s e c t i o n t o t h i n s e c t i o n . Only minor e x c e p ­
t i o n s we re n o t e d i n i n d i v i d u a l t h i n s e c t i o n s . 
1 . D e p o s i t i o n of c a l c i u m c a r b o n a t e mud, a l l o c h e m s , and t e r r i g e ­
nous m a t e r i a l s . 
2 . R e p l a c e m e n t of m i c r o c r y s t a l l i n e c a l c i u m c a r b o n a t e by m i c r o -
c r y s t a l l i n e d o l o m i t e . Minor d o l o m i c r i t e may h a v e been p r e c i p i t a t e d 
d i r e c t l y from l a k e w a t e r s b u t r e p l a c e m e n t was t h e dominan t mode of f o r 
m a t i o n of t h e d o l o m i t e . 
3 . Neomorphism of c a l c i u m c a r b o n a t e t o form c a l c i t e p s e u d o s p a r 
and m i c r o s p a r . M i c r o c r y s t a l l i n e c a l c i t e commonly i s l a r g e r t h a n 
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F o l k ' s (1965) f o u r m i c r o n l i m i t ; s e v e r a l t h i n s e c t i o n s show a c o m p l e t e 
s i z e t r a n s i t i o n be tween 1.5 j^ m c a l c i t e and 100 ;um c a l c i t e ( f i g . 6f) . 
D o l o m i c r i t e i n c l u s i o n s i n neomorph ic s p a r r y c a l c i t e and o t h e r t e x t u r a l 
c r i t e r i a i n d i c a t e t h a t neomorphism f o l l o w e d d o l o m i c r i t i z a t i o n . Some 
d o l o m i c r i t e a l s o may h a v e r e c r y s t a l l i z e d t o form c o a r s e r d o l o m i t e . 
A u t h i g e n i c p y r i t e and m a r c a s i t e formed b e f o r e o r d u r i n g t h i s s t a g e . 
4 . P r e c i p i t a t i o n of p o r e - f i l l i n g s p a r r y c a l c i t e . Volume e x p a n ­
s i o n i n i n t e r s t i t i a l p o r e s and r e p l a c e m e n t of s i l i c a t e m i n e r a l g r a i n s 
c r e a t e d c e m e n t - s u p p o r t e d t e x t u r e s i n some r o c k s . D o l o s p a r i t e formed 
a s a p o r e - f i l l i n g p r e c i p i t a t e c o n c o m i t a n t l y w i t h s p a r r y c a l c i t e o r formed 
a s a r e p l a c e m e n t p r o d u c t s h o r t l y a f t e r t h e p r e c i p i t a t i o n of s p a r r y c a l ­
c i t e . 
5 . P o s t - l i t h i f i c a t i o n d i s s o l u t i o n of c a l c i t e cement and a l l o c h e m s 
c r e a t e d a b u n d a n t p o r o s i t y i n some r o c k s . S p a r r y c a r b o n a t e cement i s 
p a r t i a l l y o r c o m p l e t e l y removed and a l l t h a t r e m a i n s i s a g r a i n - s u p ­
p o r t e d framework of d o l o m i t e a l l o c h e m s s e p a r a t e d by l a r g e i n t e r c o n ­
n e c t e d p o r e s p a c e s . 
CARBON AND OXYGEN ISOTOPES 
Carbon and oxygen i s o t o p e s a r e i n c r e a s i n g l y u s e f u l i n t h e s t u d y 
of c a r b o n a t e r o c k s . W i t h i n t h e l a s t two d e c a d e s many i m p o r t a n t p a p e r s 
h a v e b e e n w r i t t e n on t h e s t a b l e i s o t o p e g e o c h e m i s t r y of c a r b o n a t e s , 
b u t r e l a t i v e l y few i s o t o p e s t u d i e s h a v e b e e n done i n c o n j u n c t i o n w i t h 
p e t r o g r a p h i c i n v e s t i g a t i o n s . I n c r e a s e d u n d e r s t a n d i n g of t h e r o c k s 
g a i n e d t h r o u g h d e t a i l e d p e t r o g r a p h y l e a d s t o a s o u n d e r i n t e r p r e t a t i o n 
of i s o t o p i c r e s u l t s . 
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P a p e r s by Lowenstara and E p s t e i n ( 1 9 5 7 ) , K e i t h and Weber ( 1 9 6 5 ) , 
Weber ( 1 9 6 7 ) , and L loyd (1971) i n d i c a t e t h a t t h e i s o t o p i c f r a c t i o n a t i o n 
b y c a r b o n a t e - f o r m i n g o r g a n i s m s may p r o v i d e c r i t e r i a f o r d i s t i n g u i s h i n g 
i n o r g a n i c p r e c i p i t a t e s from o r g a n i c a l l y - f o r m e d c a r b o n a t e s . O t h e r 
w o r k e r s ( C l a y t o n and E p s t e i n , 1958 ; Degens and E p s t e i n , 1964; Weber , 
1964a , 1964b ; C l a y t o n and o t h e r s , 1968 ; P a r r y and o t h e r s , 1970 ; 
B e h r e n s and Land , 1972) have u s e d c a r b o n and oxygen i s o t o p e s t o d e t e r ­
mine w h e t h e r d o l o m i t e h a s formed as a d i r e c t p r e c i p i t a t e from s o l u t i o n 
w i t h c o e x i s t i n g c a l c i u m c a r b o n a t e o r a s a r e p l a c e m e n t p r o d u c t of a c a l ­
c ium c a r b o n a t e p r e c u r s o r . 
B e c a u s e t h e o r i g i n of m i c r o c r y s t a l l i n e c a r b o n a t e and c e r t a i n 
a l l o c h e m s i n t h e Green R i v e r F o r m a t i o n i s u n c e r t a i n , i t was hoped t h a t 
c a r b o n and oxygen i s o t o p e s m i g h t p r o v i d e an i n d i c a t i o n a s t o w h e t h e r 
t h e s e c a r b o n a t e s we re o r g a n i c o r i n o r g a n i c p r e c i p i t a t e s . As p r e v i o u s l y 
m e n t i o n e d , d o l o m i c r i t e i s u b i q u i t o u s i n t h e f o r m a t i o n . I n many i n s t a n c e s 
i t c l e a r l y i s a r e p l a c e m e n t p r o d u c t , b u t o f t e n t h e f i n e c r y s t a l s i z e 
p r o h i b i t s such an i n t e r p r e t a t i o n b a s e d on t e x t u r a l r e l a t i o n s h i p s . 
T h e r e f o r e , t h e p o s s i b l i t y e x i s t s t h a t some d o l o m i c r i t e c r y s t a l l i z e d 
d i r e c t l y from aqueous s o l u t i o n . I n o r d e r t o t e s t t h i s p o s s i b i l i t y , 
oxygen i s o t o p e r e s u l t s from s i m i l a r l i t h o l o g i e s were compared w i t h 
v a r y i n g p e r c e n t a g e s of d o l o m i t e c o n t e n t . 
Methods of A n a l y s i s 
Carbon and oxygen i s o t o p e s were d e t e r m i n e d by s t a n d a r d p h o s ­
p h o r i c a c i d e x t r a c t i o n p r o c e d u r e s and m a c h i n e - c o r r e c t e d d a t a a r e r e ­
p o r t e d i n d e l t a n o t a t i o n w i t h r e s p e c t t o t h e PDB s t a n d a r d . The CO2 
f o r mass s p e c t r o m e t e r a n a l y s i s was o b t a i n e d by r e a c t i n g 10 mg of c a r -
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b o n a t e , g round t o 320 mesh, w i t h 10 ml of 100 p e r c e n t p h o s p h o r i c a c i d 
a t 27° C f o r 48 h o u r s . A l l a n a l y s e s were pe r fo rmed a t t h e U n i v e r s i t y 
of U tah L a b o r a t o r y of I s o t o p e Geology on a 2% i n . r a d i u s , 120° s e c t o r -
t y p e mass s p e c t r o m e t e r u s i n g a d o u b l e c o l l e c t i n g s y s t e m . D o l o m i t e / 
c a l c i t e r a t i o s of t h e s a m p l e s were d e t e r m i n e d by X - r a y f i x e d - t i m e i n t e n ­
s i t y c o u n t s a s p r e v i o u s l y d e s c r i b e d . 
R e s u l t s and I n t e r p r e t a t i o n s 
P r e l i m i n a r y r e s u l t s a r e shown i n f i g s . 20 and 2 1 . I n t e r p r e t a ­
t i o n s b a s e d on 21 s a m p l e s from t h e U i n t a B a s i n a r e summarized and b r i e f -
18 13 l y d i s c u s s e d b e l o w . Only £ 0 v a l u e s a r e p r e s e n t e d h e r e , h o w e v e r , € C 
v a l u e s have b e e n c a l c u l a t e d and t e n d t o show a p o s i t i v e c o r r e l a t i o n w i t h 
t h e oxygen i s o t o p e s . F u r t h e r a n a l y s e s a r e p r e s e n t l y b e i n g c o n d u c t e d 
i n o r d e r t o more c l e a r l y d e f i n e f r a c t i o n a t i o n p a t t e r n s and s t a t i s t i ­
c a l l y check t h e i r v a l i d i t y . 
1 . S ^ 0 and fcl^C v a l u e s f a l l i n r a n g e s s i m i l a r t o l a c u s t r i n e 
c a r b o n a t e s of v a r i o u s g e o l o g i c a l a g e s ( C l a y t o n and D e g e n s , 1959 , p . 
8 9 1 ; Degens and E p s t e i n , 1964 , p . 3 0 ; Weber , 1969 , p . 4 9 ) . 
2 . Most d o l o m i c r i t e d i d n o t p r e c i p i t a t e d i r e c t l y from l a k e 
w a t e r . The s c a t t e r d i a g r a m ( f i g . 2 0 ) shows no s i g n i f i c a n t c o r r e l a t i o n 
18 
be tween d o l o m i t e / c a l c i t e r a t i o and S 0 f o r e a c h l i t h o l o g y . T h e o r e t i ­
c a l and l a b o r a t o r y work i n d i c a t e t h a t d o l o m i t e i n i s o t o p i c e q u i l i b r i u m 
18 o 
w i t h c a l c i t e s h o u l d be e n r i c h e d i n 0 by 4 - 1 0 p e r m i l a t 25 C 
( C l a y t o n and E p s t e i n , 1958 ; N o r t h r o p and C l a y t o n , 1966 ; 0 ' N e i l and 
E p s t e i n , 1 9 6 6 ) . Weber (1964a) and P e t e r s o n and o t h e r s (1963) have found 
oxygen i s o t o p e f r a c t i o n a t i o n s w i t h i n t h i s r a n g e from c o e x i s t i n g 
c a l c i t e and d o l o m i t e i n a n c i e n t and r e c e n t l a c u s t r i n e c a r b o n a t e s , and 
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cal and laboratory work indicate that dolomite in isotopic equilibrium 
18 0 
with calcite should be enriched in 0 by 4-10 per mil at 25 C 
(Clayton and Epstein, 1958; Northrop and Clayton, 1966; O'Neil and 
Epstein, 1966). Weber (1964a) and Peterson and others (1963) have found 
oxygen isotope fractionations within this range from coexisting 
calcite and dolomite in ancient and recent lacustrine carbonates, and 
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c o n c l u d e d t h a t o r d e r e d d o l o m i t e c a n form by d i r e c t c r y s t a l l i s a t i o n 
f rom s o l u t i o n or so soon a f t e r t h e d e p o s i t i o n of c a l c i t e t h a t m i c r o -
c r y s t a l l i n e c r y s t a l s of c a l c i t e were a b l e t o u n d e r i s o t o p i c e x c h a n g e 
o f oxygen i s o t o p e s w i t h p e r m e a t i n g p o r e f l u i d s . Because d o l o m i c r i t e 
c o n t e n t i n t h e Green R i v e r F o r m a t i o n does n o t a f f e c t i s o t o p i c v a l u e s 
f o r p a r t i c u l a r l i t h o l o g i e s , i t i s assumed t h a t c o e x i s t i n g c a l c i t e 
and d o l o m i t e w e r e n o t d e p o s i t e d i n i s o t o p i c e q u i l i b r i u m and t h e d o l o ­
m i t e i s d e r i v e d by d i a g e n e t i c r e p l a c e m e n t of c a l c i u m c a r b o n a t e w i t h o u t 
18 16 
s i g n i f i c a n t l y a l t e r i n g t h e 0 / 0 r e c o r d of t h e p r e c u r s o r c a r b o n a t e . 
C h e m i c a l s e p a r a t i o n t e c h n i q u e s u s e d by Degens and E p s t e i n (1964) t h a t 
a l l o w CG*2 l i b e r a t e d from c o e x i s t i n g c a l c i t e and d o l o m i t e t o be c o l l e c t e d 
0 1 8 
s e p a r a t e l y a r e n e c e s s a r y t o v e r i f y t h e a p p a r e n t s i m i l a r i t y of b 0 
v a l u e s f o r c a l c i t e and d o l o m i t e . 
3 . M i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s , which p e t r o g r a p h i c a l l y 
18 
w e r e b e l i e v e d t o be d o l o m i t i z e d o o l i t h s , show & 0 v a l u e s s i m i l a r t o 
o o l i t h s and p i s o l i t h s w i t h p r e s e r v e d i n t e r n a l c o n c e n t r i c s t r u c t u r e 
( f i g . 2 1 ) . T h i s i n d i c a t e s t h a t t h e s e s t r u c t u r e l e s s a g g r e g a t e s a r e 
o o l i t h i c i n o r i g i n and t h a t d o l o m i t i z a t i o n h a s n o t s i g n i f i c a n t l y 
18 
a l t e r e d o r i g i n a l S 0 v a l u e s . 
4 . P i s o l i t h s , o o l i t h s and a l t e r e d o o l i t h s c a n be o r g a n i c a l l y 
p r e c i p i t a t e d . The o o l i t h s a r e i s o t o p i c a l l y h e a v i e r ( e n r i c h e d i n 
18 
0) t h a n mos t m i c r i t e . A l g a l l y - f o r m e d c a r b o n a t e s ( s t r o m a t o l i t e s ) 
a r e i s o t o p i c a l l y l i g h t e r t h a n o o l i t h s , b u t a r e b e l i e v e d t o be e n r i c h e d 
1 ft 
in. 0 r e l a t i v e t o o o l i t h s b e c a u s e of t r a p p i n g of i n o r g a n i c a l l y p r e ­
c i p i t a t e d m i c r i t e . C r a i g (1953) and K e i t h and Weber (1965) found t h a t 
12 
a q u a t i c a l g a e p r e f e r e n t i a l l y e x t r a c t C d u r i n g p h o t o s y n t h e s i s and 
13 
p r e c i p i t a t e C e n r i c h e d c a l c i u m c a r b o n a t e . Because i s o t o p e f r a c t i o n -
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significantly altering the 0/ 0 record of the precursor carbonate. 
Chemical separation techniques used by Degens and Epstein (1964) that 
allow CO 2 liberated from coexisting calcite and dolomite to be collected 
separately are necessary to verify the apparent similarity of 
values for calcite and dolomite. 
3. Microcrystalline carbonate aggregates, which petrographically 
were believed to be dolomitized ooliths, show S180 values similar to 
ooliths and pisoliths with preserved internal concentric structure 
(fig. 21). This indicates that these structureless aggregates are 
oolithic in origin and that dolomitization has not significantly 
altered original S 180 values. 
4. Pisoliths, ooliths and altered ooliths can be organically 
precipitated. The ooliths are isotopically heavier (enriched in 
18 0) than most micrite. Algally-formed carbonate:; (stromatolites) 
are isotopically lighter than ooliths, but are believed to be enriched 
in 160 relative to ooliths because of trapping of inorganically pre-
cipitated micrite. Craig (1953) and Keith and Weber (1965) found that 
12 
aquatic algae preferentially extract C during photosynthesis and 
precipitate l3C enriched calcium carbonate. Because isotope fraction-
66 
a t i o n i s l a r g e l y a k i n e t i c r a t h e r t h a n a c h e m i c a l p r o c e s s , i t m i g h t be 
e x p e c t e d t h a t oxygen i s o t o p e s would behave t h e same way. T h u s , one 
13 18 
would e x p e c t a l g a l s t r o m a t o l i t e s t o be e n r i c h e d i n C and 0 , b u t 
t h e e f f e c t of d i l u t i o n by t r a p p i n g of i n o r g a n i c a l l y formed m i c r i t e lower* 
18 
t h e S" 0 v a l u e s . O o l i t h s , h o w e v e r , a r e i s o t o p i c a l l y h e a v i e r t h a n a l g a l 
s t r o m a t o l i t e s , s u g g e s t i n g t h a t an o r g a n i c a g e n t i s r e s p o n s i b l e f o r 
t h e i r p r e c i p i t a t i o n . T h i r t e e n s ample s o f - " o i l s h a l e " ( o r g a n i c - r i c h 
c l a y e y d o l o m i c r i t e ) from t h e Green R i v e r F o r m a t i o n of t h e P i c e a n c e Creek 
B a s i n o f n o r t h w e s t e r n C o l o r a d o a r e a l s o p l o t t e d on f i g . 21 t o i l l u s ­
t r a t e t h e e f f e c t of o r g a n i c ( b a c t e r i a and a l g a e ?) p r e c i p i t a t i o n on 
t h e S ^^0 v a l u e . 
5 . Most m i c r i t e i n t h e Green R i v e r F o r m a t i o n i s an i n o r g a n i c 
p r e c i p i t a t e . M i c r i t e s a r e e n r i c h e d i n ^ 0 r e l a t i v e t o o o l i t h s , a g g r e ­
g a t e s , a l g a l s t r o m a t o l i t e and o i l s h a l e , and h a v e a b r o a d r a n g e of 
- 1 o _ 18 
8 0 v a l u e s . The wide r a n g e of S 0 v a l u e s i s a t t r i b u t e d t o t h e 
d i v e r s e d e p o s i t i o n a l e n v i r o n m e n t s i n which t h e m i c r i t e was d e p o s i t e d . 
18 
F o r e x a m p l e , t h e i s o t o p i c a l l y l i g h t e s t m i c r i t e ( 8 0 = - 1 5 . 8 ) i s a 
c l a y e y g a s t r o p o d b i o m i c r i t e from t h e b l a c k s h a l e f a c i e s a t t h e b a s e of 
t h e f o r m a t i o n . The i s o t o p i c " l i g h t n e s s " of t h e s amp le r e f l e c t s r e l a ­
t i v e l y f r e s h - w a t e r c o n d i t i o n s d u r i n g d e p o s i t i o n . L o c a l e n r i c h m e n t i n 
18 
0 may be c a u s e d by m i x i n g w i t h o r g a n i c a l l y - f o r m e d c a r b o n a t e o r e s ­
p e c i a l l y s a l i n e c o n d i t i o n s . 
I t s h o u l d be emphas ized t h a t t h e above c o n c l u s i o n s a r e b a s e d on 
l i m i t e d d a t a . K e i t h and Weber ( 1 9 6 4 , p . 1788) have l i s t e d t h e t h r e e 
most i m p o r t a n t f a c t o r s t h a t can c o n t r o l o r change i s o t o p i c c o m p o s i t i o n 
of c a r b o n a t e s ; (1) i s o t o p i c c o m p o s i t i o n of w a t e r , wh ich i s d e t e r m i n e d 
by d i s s o l v e d m a t e r i a l , t e m p e r a t u r e and food web of l o c a l e n v i r o n m e n t 
& 
      i l   t 
          
would expect algal stromatolites to be enriched in 13c and 180 , but 
 t      i ll   i i  l rs 
the &' 180 values. Ooliths, however, are isotopically heavier than algal 
stromatolites, suggesting that an organic agent is responsible for 
their precipitation. Thirteen samples of· "oil shale" (organic-rich 
clayey do10micrite) from the Green River Formation of the Piceance Creek 
Basin of northwestern Colorado are also plotted on fig. 21 to i11us-
trate the effect of organic (bacteria and algae 7) precipitation on 
the & 180 va 1ue. 
5. Most micrite in the Green River Formation is an inorganic 
. • M" . h d' 160 1 t' t 1· th prec1p1tate. 1cr1tes are enr1C e 1n re a 1ve ·0 00 1 s, aggre-
gates, algal stromatolite and oil shale, and have a broad range of 
18 S 180 values. The wide range of & 0 values is attributed to the 
diverse depositional environments in which the micrite was deposited. 
For example, the isotopically lightest micrite ( f) 180 =-15.8) is a 
clayey gastropod biomicrite from the black shale facies at the base of 
the formation. The isotopic "lightness" of the sample reflects rela-
tive1y fresh-water conditions during deposition. Local enrichment in 
180 may be caused by mixing with organically-formed carbonate or es-
pecial1y saline conditions. 
It should be emphasized that the above conclusions are based on 
limited data. Keith and Weber (1964, p. 1788) have listed the three 
most important factors that can control or change isotopic composition 
of carbonates; (1) isotopic composition of water, which is determined 
by dissolved material, temperature and food web of local environment 
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of d e p o s i t i o n , ( 2 ) f r a c t i o n a t i o n by c a r b o n a t e - f o r m i n g o r g a n i s m s and 
t h e i r r e l a t i v e c o n t r i b u t i o n t o s e d i m e n t s , and (3) d i a g e n e t i c p r o c e s s e s 
c a u s i n g i s o t o p i c e x c h a n g e . A l t h o u g h t h e second f a c t o r h a s been w e i g h t e d 
t h e most i n a r r i v i n g a t t h e p r e c e d i n g c o n c l u s i o n s , i t i s p r o b a b l e t h a t 
18 13 
t h e f i r s t f a c t o r h a s s i g n i f i c a n t l y i n f l u e n c e d S 0 and 8 C v a l u e s . 
T e m p e r a t u r e and s a l i n i t y u n d o u b t e d l y v a r i e d i n Lake U i n t a and t h e i r 
v a r i a t i o n s a r e p r o b a b l y r e f l e c t e d i n t h e b r o a d r a n g e s of i s o t o p i c v a l u e s 
f o r e a c h l i t h o l o g y . As Weber ( 1 9 6 5 , p . 501) and o t h e r s have s u g g e s t e d , 
i t i s n o t l i k e l y t h a t p h y s i c a l and c h e m i c a l d i f f e r e n c e s would b e so 
p r o n o u n c e d as t o o b s c u r e any b i o l o g i c a l f r a c t i o n a t i o n . D i a g e n e s i s i s 
n o t b e l i e v e d t o h a v e a f f e c t e d t h e v a l u e s t o any e x t e n t . 
CONCLUSIONS 
P e t r o g r a p h i c a n a l y s e s of l a c u s t r i n e c a r b o n a t e r o c k s from t h e 
Green R i v e r and lower U i n t a F o r m a t i o n s show t h a t t h e s e c a r b o n a t e s c o n t a i n 
a d i v e r s i t y of r o c k c o n s t i t u e n t s and l i t h o l o g i c t y p e s c o m p a r a b l e t o 
c a r b o n a t e f o r m a t i o n s of m a r i n e o r i g i n . M i c r i t e and sandy and s i l t y 
c a r b o n a t e r o c k s a r e most a b u n d a n t , b u t s p a r i t e s and l o w - t e r r i g e n o u s 
c a r b o n a t e s a r e a l s o common. I t i s n o t l i k e l y t h a t l a c u s t r i n e c a r b o n ­
a t e r o c k s i n g e n e r a l can be d i f f e r e n t i a t e d from m a r i n e c a r b o n a t e 
r o c k s s o l e l y on t h e b a s i s of p e t r o g r a p h i c r e l a t i o n s h i p s . O t h e r c r i ­
t e r i a , e s p e c i a l l y r e g i o n a l s t r a t i g r a p h i c r e l a t i o n s and p a l e o n t o l o g y , 
make t h e d i s t i n c t i o n p o s s i b l e . 
F o s s i l s ( c a l c a r e o u s a l g a e , o s t r a c o d e s , g a s t r o p o d s , p e l e c y p o d s ) , 
c o a t e d g r a i n s , m i c r o c r y s t a l l i n e c a r b o n a t e a g g r e g a t e s , s p a r r y c a r b o n a t e , 
m i c r o c r y s t a l l i n e c a r b o n a t e , and t e r r i g e n o u s g r a i n s a r e t h e main r o c k -
f o r m i n g componen t s of t h e l a c u s t r i n e c a r b o n a t e r o c k s . The most a b u n d a n t 
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the first factor has significantly influenced b 180 and S l3C values. 
Temperature and salinity undoubtedly varied in Lake Uinta and their 
variations are probably reflected in the broad ranges of isotopic values 
for each lithology. As Weber (1965, p. 501) and others have suggested, 
it is not likely that physical and chemical differences would be so 
pronounced as to obscure any biological fractionation. Diagenesis is 
not believed to have affected the values to any extent. 
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a l l o c h e m i c a l c o n s t i t u e n t s a r e p o l y g e n e t i c m i c r o c r y s t a l l i n e c a r b o n a t e 
a g g r e g a t e s ( i n t r a c l a s t s , p e l l e t s ) and f r a g m e n t a l a l g a l " p l a t e s . " 
M i c r o c r y s t a l l i n e c a r b o n a t e i s t h e most a b u n d a n t o r t h o c h e m i c a l c o n s t i ­
t u e n t , b u t p o r e - f i l l i n g s p a r r y c a l c i t e and neomorph ic s p a r r y c a l c i t e 
a r e a l s o common. T e r r i g e n o u s c o n s t i t u e n t s g e n e r a l l y a r e p r e s e n t i n t h e 
c a r b o n a t e r o c k s and may c o n s t i t u t e from 0 t o 50 p e r c e n t of t h e r o c k . 
No g e n e t i c d i f f e r e n c e be tween o o l i t h s and p i s o l i t h s was f o u n d . 
Green and b l u e - g r e e n a l g a e p r o b a b l y a i d e d i n t h e p r e c i p i t a t i o n of o o l i t h s , 
p i s o l i t h s , and c i r c u m c r u s t s . A l g a e a l s o formed b i o s t r o m a l a l g a l s t r o ­
m a t o l i t e s and b i o h e r m a l r e e f s . 
M i c r o c r y s t a l l i n e c a l c i t e g e n e r a l l y i s 2 . 5 - 7 . 5 fim c r y s t a l s and 
commonly i s t r a n s i t i o n a l w i t h neomorph ic s p a r r y c a l c i t e . D o l o m i c r i t e 
i s a p p r o x i m a t e l y t h e same s i z e and i s u b i q u i t o u s i n t h e f o r m a t i o n . 
D o l o m i c r i t e formed d u r i n g e a r l y d i a g e n e s i s p r i o r t o l i t h i f i c a t i o n a s a 
s e l e c t i v e r e p l a c e m e n t p r o d u c t of c a l c i u m c a r b o n a t e m i c r i t e . Many of 
t h e c a r b o n a t e s w i t h h i g h i n i t i a l p o r o s i t y and p e r m e a b i l i t y have become 
even more p o r o u s and p e r m e a b l e by p o s t - l i t h i f i c a t i o n d i s s o l u t i o n of 
s p a r r y c a l c i t e c e m e n t . These l i t h o l o g i e s i n p r o x i m i t y t o o r g a n i c - r i c h 
f i n e - g r a i n e d l a c u s t r i n e s o u r c e b e d s ( P i c a r d , 1962) a r e p o t e n t i a l l y good 
h y d r o c a r b o n r e s e r v o i r s . 
L i t h o l o g i c v a r i a t i o n s , s e d i m e n t a r y s t r u c t u r e s , s t r a t i f i c a t i o n , 
c o l o r , and l i t h o l o g i c a s s o c i a t i o n s w i t h i n t h e f o r m a t i o n p e r m i t t h e 
r e c o g n i t i o n of s u b e n v i r o n m e n t s of d e p o s i t i o n . N e a r s h o r e and s h o r e ­
l i n e e n v i r o n m e n t s a r e r e p r e s e n t e d by c l e a n l y - w a s h e d a l l o c h e m - s p a r i t e , 
s a ndy and s i l t y s p a r i t e and a l g a l b i o l i t h i t e w h e r e a s l a g o o n a l , m u d f l a t 
and o f f s h o r e d e e p e r w a t e r d e p o s i t i o n i s c h a r a c t e r i z e d by m i c r i t e , 
a l l o c h e m - m i c r i t e and s a n d y , s i l t y and c l a y e y m i c r i t e . 
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A n a l y s e s of & ^ 0 and S ^ C s u g g e s t a b i o g e n i c f r a c t i o n a t i o n f o r t h e 
m i c r o c r y s t a l l i n e c a r b o n a t e of o o l i t h s , p i s o l i t h s and c e r t a i n m i c r o c r y s ­
t a l l i n e c a r b o n a t e a g g r e g a t e s and a n i r o r g a n i c o r i g i n f o r mos t m i c r i t e n o t 
18 
i n c o r p o r a t e d i n a l l o c h e m s . V a l u e s of 8 0 i n d i c a t e t h a t d o l o m i c r i t e 
formed a s a d i a g e n e t i c r e p l a c e m e n t p r o d u c t of c a l c i u m c a r b o n a t e r a t h e r 
t h a n a s a d i r e c t p r e c i p i t a t e from l a k e w a t e r s . 
 
  ~ 180  13C t  t   t
i r st ll  t       -
        t i ri  
incorporated in allochems. Values of 6180 indicate that dolomicrite 
formed as a diagenetic replacement product of calcium carbonate rather 
than as a direct precipitate from lake waters. 
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